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No.  58,  last  line  :  for  glass,  read  platinum. 
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No.  187,  line  2  from  end  :  for  C.  P.  Mathews,  read  C.  P.  Matthews. 
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No.  1050,  line  3  :  for  (see  1900,  Abstract  No.  74),  reati  (see  1900,  Abstract  No. 
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GENERAL   PHYSICS. 

1.  Measurement  of  Small  Elongations.  G.  Ercolini.  (N.  Cimento,  10.  pp. 
d41-26S,  October,  1899.)— Three  different  methods  are  described.  The  tirst 
is  based  upon  the  measurement  of  a  very  small  liquid  resistance  in  the  gap  to 
be  measured,  which  is  introduced  as  one  branch  of  a  Wheatstone  bridge 
arrangement.  To  avoid  polarisation  the  current  is  made  alternating.  In  the 
second  method  three  electrodes  are  immersed  in  a  solution  of  sulphate  of 
zinc.  Two  of  them  are  fixed,  and  the  third,  mounted  between  the  other  two, 
is  subjected  to  the  small  displacement  to  be  measured.  The  redistribution  of 
the  fall  of  potential  is  compensated  by  shifting  a  corresponding  terminal 
along  a  straight  wire.  The  third  method  is  non-electrical.  A  weight  is 
suspended  by  a  bifilar  suspension,  without  freedom  of  rotation.  A  small 
horizontal  plate  of  micra  is  attached  to  the  middle  of  the  fibres,  carrying  two 
magnetic  needles  and  a  vertical  mirror.  When  the  weight  is  raised  by  a 
>light  displacement  the  needles  and  the  mirror  are  capable  of  rotating  in  a 
horizontal  plane,  and  will  rotate  in  a  suitable  magnetic  field  to  an  extent 
dei>ending  upon  the  small  displacement.  The  author  uses  silk  threads  for 
the  suspension,  and  measures  distances  down  to  0*005  mm.  E.  K.  F. 

2.  Elasticity  of  Cement.  W.  L.  Brcwn.  (Instit.  Civ.  Engin.,  Proc.  137. 
pp.  403-409,  August,  1899.) — This  paper  describes  researches  on  the  coefficient 
of  direct  elasticity  of  cement  and  cement  mortars,  its  variation  with  different 
kind:)  and  proportions  of  sand,  and  with  age.  The  experiments  were  made 
on  beams  24  inches  and  36  inches  long,  and  the  deflections  under  loads  were 
observed  with  a  Ewing  extensometer. 

The  extension  is  not  proportional  to  the  load.  A  function  B  is  found  in 
the  same  way  as  Young's  modulus  for  other  materials,  i.e.,  from  the  formula 

\VL 

B= . --  rr,  where  W  =  the  increase  of  load  from  one  point  to  the  next,  D  the 
4ol  L) 

increase  of  deflections  corresponding  to  this  small  increase  of  load  ;  B  is 
therefore  the  average  value  of  the  coefficient  of  direct  elasticity  for  a  varia- 
tion of  load  of  1  lb.  at  that  point  of  the  load  curve.  The  value  of  B  for  neat 
cements  is  greater  than  for  cement  mortar,  is  less  as  the  proportion  of  sand  is 
greater,  and  increases  with  age  to  a  considerable  extent.  Thus,  for  neat 
cement  one  week  old,  B=l,850,000  lbs.  per  square  inch,  six  months  old, 
8=2,800,000  lbs.  per  square  inch.  A.  ^ 

VOL.  IIL  B 


2  SCIENCE  ABSTRACTS. 

3.  Uniform  Stress  and  Pemianeni  Strain  in  Annealed  Copper,    G.  Wilson. 

(Manchester  Lit.  and  Phil.  Soc.,  Mem.  43.  pp.  1-18,  1899.)— T.  E.  Stanton 

showed  that  the  stress  in  iron  varied  as  the  fourth  root  of  the  permanent  strain. 

The  author's  experiments  arc  on  copper  bars,  J  in.  diam.,  12  in.  long,  and  bring 

out  the  fact  that  in  this  case  the  stress  varies  approximately  as  the  square  root 

of  the  strain.     In  one  set  of  experiments  each  bar  operated  upon  was  rapidly 

subjected  to  a  prearranged  load,  it  was  then  allowed  to  stand  under  this  load 

for  a  period  of  thirty  minutes,  after  which  the  diameter  and  extension  were 

measured.    The  stress-strain  diagrams  obtained  differ  from  those  usually 

drawn  by  automatic  recording  instruments.    The  manner  of  carrying  out  the 

experiments  is  described. 

If  P  is  the  load,  c  the  strain  due  to  P,  and  A  the  original  area,  then  the 

p 

stress  on  the  reduced  section  is  —(1+^).      A  relation  f=C^   is  assumed, 

A 

e  being  the  permanent  strain  and  C  a  constant.    The  values  of  n  were  found 

from  logarithmic  plottings,  and  the  values  of  C  calculated,  and  the  relation 

Qc** 
f=WJ'9le'^^  obtained.    The  formula  /===—"  represents  the  corresponding 

J.  T-t 

stress  per  unit  of  original  area,  and  by  differentiating,  the  maximum  value  of 

this  stress  occurs  when  ^=f3r~.     For  annealed  copper  the  corresponding 

value  of  e  is  I'lOl  when  n  is  0*524,  that  is  110  per  cent.,  while  the  correspond- 
ing value  for  iron  and  steel  is  38*8  per  cent.  The  maximum  stress  foi 
annealed  copper  should  therefore  be  18*98  tons  per  square  inch  of  origina 
area.  On  testing  a  bar  of  annealed  copper  on  the  same  rod  as  the  previou! 
ones  the  maximum  stress  was  only  16*5  tons  per  square  inch,  with  an  elonga 
tion  of  30*3  per  cent.  Thus,  while  in  iron  the  theoretical  maximum  load  i: 
actually  passed,  in  copper  the  theoretical  elongation  is  never  reached,  am 
consequently  the  theoretical  maximum  stress  is  not  reached. 

To  obtain  a  complete  diagram  before  and  after  the  yield  point  a  series  o 
copper  wires  20  inches  long  were  tested  somewhat  beyond  the  elastic  limii 
Each  wire  after  lixing  was  stretched  by  loading  and  then  carefully  annealec 
After  the  test  was  concluded  the  wire  was  reannealed  and  stretched  severs 
times,  and  again  retested.    The  first  test  shows  irregularities  in  the  elasti 
portion  and  that  the  yield  point  is  not  definite,  the  elastic  portion  curvin 
into  the  plastic  portion.    The  test  after  reannealing  shows  that  the  irregular 
ties  in  the  elastic  part  have  disappeared,  and  that  the  elastic  and  plasti 
portions  of  the  logarithmic  curve  form  two  straight  lines ;  further,  that  th 
yield  point  is  quite  definite  and  corresponds  to  a  stress  of  0*716  tons  per  squai 
inch.    So  far  as  these  experiments  were  carried,  repeated  annealing  an 
straining  have  the  effect  of  lowering  the  yield  stress  and  increasing  the  vali 
of  H,  but  the  author  was  not  able  to  determine  how  far  the  lowering  of  tl 
elastic  limit  would  continue  with  further  strainings.  A. 

4.  Elastic  Stability  of  Long  Beams.  A.  G.  M.  Michell.  (Phil.  Mag.  4 
pp.  298-309,  September,  1899.)— A  thin,  flat  bar  of  elastic  material  subject! 
to  bending  in  its  own  plane  may  be  unstable  in  the  plane  form,  and  fail  I 
combined  lateral  displacement  and  twist.  The  paper  is  a  mathematic 
investigation  of  the  subject,  based  on  the  ordinary  approximate  equations  f 
bending.  It  appears  that  the  instabiUty  of  such  a  beam  is  due  to  the  want 
torsional,  rather  than  of  flexural,  rigidity,  so  that  the  same  kind  of  instabili 
may  affect  beams  of  other  forms.    The  author  attempted  to  verify  one  or  t^ 

c^y  the  resMs  j^iven  by  the  theory  by  experimenting  on  an  engineer's  st< 
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straight-edge,  4  feet  long,  4*87  cms.  wide,  and  0*26  cms.  thick.  Tested  as  a 
cantilever,  the  mean  critical  load  was  6,900  grammes,  while  the  calculated 
critiGal  load  was  5,750  grammes.  Tested  as  a  beam  supported  at  the  ends 
and  loaded  in  the  middle,  the  mean  critical  load  was  24,200  grammes,  while 
the  calculated  critical  load  was  24,250  grammes.  The  chief  source  of  error 
iitthe  experiments  was  the  want  of  uniformity  in  the  thickness  of  the  straight- 
edge, the  thickness  varying  from  0*2550  cms.  to  0*2628  cms. ;  the  divergence, 
between  the  observed  and  calculated  results,  is  no  greater  than  might  be 
expected  from  this  irregularity.  A.  S. 

6.  GdssUr  Pumps,  G.  Guglielmo.  (N.  Cimento,  10.  pp.  189-198, 
September,  1899  ;  also  R.  Accad.  dei  Lincei,  Atti,  vol.  7°,  2^  Sem.  Ser.  5, 
fasc.  9.  November,  1898.) — Practical  suggestions  as  to  improvements  in  con- 
stroction.  A.  D. 

6.  Dmonstrational  Apparatus.  A.  Sella.  (N.  Cimento,  10.  pp.  176-189, 
September,  1899.) — Two  large  flasks  (80  litres  each),  each  provided  with  a 
stopcock,  and  connected  by  a  narrow  tube  w*ith  a  drop  of  liquid  in  it,  will 
show  the  differences  of  atmospheric  pressure  when  the  whole,  after  being 
adjusted  and  stopcocks  closed,  is  inverted  and  stopcocks  opened.  In  a  slab 
of  slate  made  up  of  two  strips  symmetrically  arranged  with  reference  to  a 
mesial  line,  each  strip  being  cut  across  the  lamina.'  of  the  slate,  and  shaped  so 
that  the  me>iai  junction  runs  at  an  angle  to  the  lines  of  cleavage  of  the  slate, 
upon  heating  one  end  of  the  slab  the  How  of  heat  will  be  parallel  to  the 
mesial  line,  but  the  isothermal  lines,  as  revealed  by  the  change  of  colour  of 
iodide  of  mercury  from  yellow  to  red  at  40°,  will  not  be  at  right  angles  to  the 
nicsialline.  but  form  with  it  angles  which  depend  on  the  relative  conductivi- 
ties of  the  ^late  in  two  directions.  A.  D. 

7.  HydromcUrs  of  Total  Immcrsiou.    A.  W.  Warrington.    (Phil.  Mag. 
JH.  pp.  498-519,    December,   1899.)— The   hydrometers    and    method    here 
<ie«*cribcd  are  for  the  purpose  of  obtaining  the  densities  of  liquids  or  of  solids 
to  the  greatest  possible  degree  of  accuracy.    An  accuracy  of  1  in  10*  for 
liquids  and  1  in  10-''  for  solids  is  claimed.    The  glass  hydrometer  with  mer- 
cury, or  mercury  and  the  solid  inside  is  weighted  by  platinum  rings  dropped 
over  the  short  stem  until  it  almost  sinks  in  the  liquid  or  the  water,  and  the 
temperature   is  then  slowly  raised  until  the  hydrometer  neither  sinks  nor 
rises.    The  temperature  is  then  xQvy  accurately  read.    The  whole  experi- 
ments are  done  in  a  thermostat.     For  a  description  of  the  apparatus,  the 
precautions  to  be  observed,  and  the  method  of  experimenting,  reference  must 
be  made  to  the  paper. 

The  coefficient  of  expansion  of  Jena  glass  is  determined  ;is — 

V,=V,  [H-(28-714+ll'620lO-'*»/].     . 

The  temperature  of  maximum  density  of  water  is  calculated  by  G.  A. 
.Scholl,  in  a  note  to  the  paper,  from  the  results  of  the  author's  experiments. 
He  finds  r  =  3-882^  C.  with  a  total  probable  error  of  ±0024^  C.  The  specific 
gravity  of  quartz  was  determined  as — 

2-6r>0457±0000013. 

The  paper  contains  a  large  number  of  tables  of  experimental  data.      J.  B.  H. 

8.  Microphonic  Record  of  Chronometers.  A.  Berget.  (Comptes  Rendus, 
129.  pp.  712-718,  November  6,  1899.) — An  account  of  a  method  for  obtaininf 
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graphical  records  from  chronometers  depending  on  the  microphonic  trans- 
mission of  the  beats  of  the  escapement.  A  light  microphone  with  a  vertical 
carbon  is  simply  placed  on  the  chronometer  and  put  in  series  with  a  battery 
of  eight  cells  and  a  telephone,  on  the  vibrating  plate  of  which  is  mounted  a 
microphonic  transmitter  with  four  carbons.  This  transmitter  is  itself  in 
series  with  a  telephonic  receiver,  of  which  the  membrane  executes,  in  these 
conditions,  and  with  the  help  of  a  current  furnished  by  four  dry  cells,  vibra- 
tions of  an  amplitude  sufficient  to  break  at  each  vibration  a  contact  established 
between  a  carbon  point  and  a  sheet  of  platinum  fixed  to  the  membrane.  The 
rupture  and  re-establishment  of  this  contact  are  utilised  to  produce  on  a 
moving  smoked  cylinder  a  record  of  each  beat  made  by  the  escapement  of 
the  chronometer.  Easily  read  curves  are  thus  obtained.  Amongst  other 
advantages  of  this  method  is  the  suppression  of  personal  error  in  the  observa- 
tion of  the  chronometer.  J-  J-  S. 

9.  Photography  of  Ripples.  J.  H.  Vincent.  (Phil.  Mag.  46.  pp.  290-296, 
1898,  and  48.  pp.  338-344,  October,  1899.)— The  papers  are  continuations  of 
the  articles  dealt  with  in  Abstract  No.  481  (1898).  The  work  is  on  similar 
lines.  The  first  contains  an  account  of  experiments  which  illustrate  Doppler's 
principle  and  certain  interference  phenomena.  The  second  contains  a 
description  of- experiments  on  the  refraction  of  ripples.  A  shallow  portion  of 
liquid  corresponds  to  the  optically  denser  medium.  Both  papers  are  illus- 
trated by  reproductions  of  interesting  photographs.  A.  G. 

10.  Determination  of  Mass  o)  Molecules,  and  Description  of  a  New  Calori- 
meter. H.  Gerstmann.  (Deutsch.  Phys.  Gesell.,  Verb.  1.  pp.  194-208 
October  20,  1899.) — By  determining  the  heat  of  solution  of  a  non-electrol)rtic 
substance  in  a  liquid  when  the  former  is  taken  (1)  in  a  lump,  (2)  in  a  finely 
powdered  condition,  and  also  the  heat  absorbed  on  mixing  two  such  solution: 
of  different  concentrations,  the  author  proposes,  by  the  application  of  a  rougl 
theory,  to  determine  the  number  of  molecules  in  a  gramme  of  the  substance 
and  thus  the  mass  of  a  molecule.  His  experiments,  in  which  he  uses  a  specia 
modification  of  Bunsen's  calorimeter,  have  so  far  given  him  no  other  resuj 
than  that  the  above  two  heats  of  solution  differ  from  each  other,  as  we  shoul 
expect.  He  estimates  that  in  the  powdered  sugar  he  used  there  were  16 
million  particles  per  gramme.  R.  E.  I 

11.  Size  of  Molecules.  G.  jager.  (Akad.  Wiss.  Wien.,  S.ber.  108.  pp.  64-5' 
1899.) — The  sizes  of  the  ions,  or  electric  carriers  in  an  electrolyte,  are  her 
calculated  from  the  specific  resistance.  The  resistance  is  supposed  to  h 
entirely  due  to  viscosity — that  is,  it  is  simply  due  to  the  viscous  resistanc 
which  the  ions  meet  with  in  moving  through  the  liquid.  The  other  assumj 
tions  made  are  :  (1)  That  the  ions  are  spheres.  (2)  That  anion  and  kathic 
have  equal  diameters.  (8)  That  the  density-  of  the  electrolyte  is  the  tri 
density  of  the  material — /.<•.,  the  density  is  equal  to  the  mass  of  all  the  mol 
cules  divided  by  their  volume,  not  including  the  volume  of  the  intermolecul; 
spaces. 

From  the  expression  M'=6jny!'R  for  the  resistance  to  the  motion  of 
sphere  in  a  viscous  fluid,  the  following  expression  for  the  diameter  of  an  i< 
is  deduced  : —  

where  Tf  is  the  velocity  of  the  ion  corresponding  to  the  potential  gradient 
js  the  specific  resistance  of  the  solution,  n  is  the  coeffkdetvl  Q^  \\scosv 
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M  is  the  molecular  weight  of  the  eiectroljrtc,  and  p  is  the  density  in  the  solid 
(or  liquid)  state.  Appi3ring  this  to  the  case  of  KCl,  as  with  this  salt  the 
relocities,  and  therefore  diameters,  of  the  anion  and  kathion  are  approximately 
eqoal.  we  find  rf^:66xl0~*  cm.,  while  according  to  the  kinetic  theory  of  gases 
the  diameter  of  the  chlorine  atom  is  r/=96x  10"^  cm.  J.  B.  H. 

12.  CoHscn-iiiton  of  Energy  in  the  Human  Body.    W.   O.  Atv^ater  and 
E-  B.  Rosa.     (Phys.  Rev.  9.  pp.  129-168,  September,  and  214-251,  October, 
1899.; — This  is  an  account  of  an  elaborate  and  careful  set  of  experiments  on 
the  income  and  expenditure  of  material  and  of  energy  in  the  human  body. 
A  calorimetric  chamber  was  constructed,  in  which  a  man  could  live  for 
sc^trral    days,   and   was  provided  with   a  very  complete  set  of   measuring 
appliances.     The  chamber  was  thermally  isolated  from  its  surroundings,  and 
a  «y>teni    ot    electric  heaters,  and   pipes  carrying  cold  brine  for  cooling 
arranged    so  that  the  internal  and  external  temperatures  could  (by  means 
of  thermocouples)  be  exactly  balanced  ;  hence  no  heat  transfer  occurred 
through  the  \%'alls,  and  the  entire  quantity'  of  heat  generated  in  the  chambers 
u-a:*  carried  off  and  measured  by  a  current  of  cold  water.     The  air  supply 
wa>  regulated  by  means  of  a  combined  meter  and  pump  which  is  described 
in  detail  :  and  the  air  given  out  was  analysed  for  carbon  dioxide  and  water 
vapour.     All  the  food,  &c.,  was  carefully  analysed,  and  its  thermal  value 
determined  by  the  calorimetric  bomb  method.    The  accuracy  of  the  calori- 
meter wai  tested  (i.)  by  generating  heat  in  it  electrically,  and  measuring  the 
beat  on  outflow  by  the  water ;  (ii.)  in  order  to  approach  the  conditions  of 
experiment  more  nearly,  by  burning  alcohol  in  a  lamp.    The  data  required 

dynamical  equivalent  of  heat,  latent  heat  of  steam,  &c.)  and  the  sources  of 
error  are  all  duly  discussed  with  the  result  that  the  calculated  and  observed 
quantities  of  heat  agree  to  one  or  two  parts  per  thousand.  The  same  degree 
of  accuracy  >\-ai  obtained  in  the  measurements  of  carbon  and  hydrogen  taken 
in  and  given  out  in  the  alcohol  experiments. 

Experiments  on  a  human  subject  are  then  described.  The  energy  spent 
per  day  when  the  subject  rested,  was  about  2,310  cals.  ;  when  doing  256  cals. 
c-f  work  it  amounted  to  3,726  cals.,  giving  an  efficiency  of  7  per  cent. 

R.  A.  L. 

13.  Investigations  in  Capillarity,  Rayleigh.  (Phil.  Mag.  48.  pp.  321-337. 
O-Jtober.  1899.) — The  article  is  divided  into  four  parts,  which  are  comprised 
ondcr  the  headings,  (1)  the  size  of  drops,  (2)  the  liberation  of  gas  from 
s-ipcr>aturated  solutions,  (3)  colliding  jets,  (4)  the  tension  of  contaminated 
Tri:er->urface>. 

Neglecting  viscosity,  the  mass  of  the  drop  delivered  from  the  lower  end 
■X  ^  vertical  tube  is  given  by  the  equation  MglTa^F{Tlg<Ta  ),  where  M  is 
•he  nui-s  of  the  drop,  g  the  acceleration  due  to  gravity,  T  the  surface  tension, 
J  the  external  radius  of  the  tube  (liquid  supposed  to  wet  the  tube),  (t  the 
density  of  the  liquid,  and  F  an  arbitrary  function.  Within  certain  limits 
the  author  experimentally  determines  the  nature  of  the  arbitrary  function  ; 
hence,  within  the  limits,  the  surface  tension  of  a  liquid  can  be  calculated 
*hcn  the  size  of  a  drop  and  certain  other  quantities  are  known.  An 
*ippTc»ximate  equation  is  M^==3*8  Ta. 

The  author  does  not  come  to   a   decisive  opinion  with   regard  to  the 
explanation  of  the  liberation  of  gases  on  surfaces  in  supersaturated  solutions. 
The  activity  of  iron  wires  was  destroyed  by  beat,  and  they  were  sealed  in 
teA»  coataining  air.     After  long  periods,  on  taking  out  of  the  tubes, 
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they  were  found  to  be  inactive,  but  exposure  to  the  air  of  the  laboratory  for 
a  day  or  two  restored  activity. 

In  the  section  on  colliding  jets,  the  author  shows  that  just  before  two 'jets 
coalesce  the  viscosity  of  the  intervening  gas  must  play  an  important  part. 
The  solubility  of  the  gas  assists  coalescence — a,  fact  confirmed  by  experiments. 

The  fourth  section  contains  a  description  of  experiments  carried  out  with 
the  aid  of  the  trough  of  Miss  Pockels.  The  conclusion  is  confirmed  that, 
judged  by  the  drop  in  surface  tension,  the  effect  of  contamination  by  oil 
comes  on  suddenly  ;  and  curves  are  drawn  which  show  the  relation  between 
the  degree  of  contamination  and  surface  tension.  One  explanation  of  the 
cause  of  the  fall  in  surface  tension  leads  to  the  conclusion  that  the  first  fall 
in  the  surface  tension  corresponds  to  a  complete  layer  one  molecule  thick,  and 
that  the  diameter  of  a  molecule  of  oil  is  about  1 X  10~^  cm.  Another  less 
probable  explanation  gives  a  different  result.  A.  G. 

14  Efflux  of  Permanent  Gases,    R.   Emden.    (Wied.  Ann.  69.  2.   pp. 
426-453,   October,    1899.) — The  present  paper  contains  the   niathematical 
theory  of  the  efflux  of  gas  under  pressure.    The  author  starts  from  the  position 
that,  if  the  efflux  is  steady,  equal  masses  and  equal  quantities  of  energy  must 
pass  the  space  between  two  cross-sections  of  the  tube  in  each  unit  of  time 
and  he  arrives  at  some  important  generalisations.    The  velocity  with  whicl 
the  gas  passes  the  orifice  can  never  become  greater  than  the  velocity  o 
sound  at  that  point.    This  maximum  velocity  holds  good  when  the  critica 
ratio  of  pressures  obtains  between  the  internal  and  the  external  pressure 
This  singular    pressure  at  which  a  gas-jet  emerging   into  the  atmospher 
begins  to  pass  the  orifice  with   the  velocity  of  sound,  corresponds  to  th 
velocity  of  efflux  at  which  stationary  sound  waves  are  formed  in  the  je 
After  the  critical  ratio  of  pressures  is  passed,  the  jet  issues  at  all  points  wit 
the  velocity  of  sound,  and  at  every  point  the  pressure  is  that  of  the  atmosphen 
The  author  points  out  that  in  this  manner  sound  waves  of  very  small  wave 
length  and  very  high  frequency  may  be  produced,  possessing  greater  energ 
than  any  yet  produced.  E.  E.  1 

16.  Theory  of  Diffusion.  E.  Bose^  (Zeitschr.  Phys.  Chem.  29.  p 
668-660,  September,  1899.) — The  paper  gives  the  theory  of  the  difiFusic 
of  a  partially  ionised  electrol3rtc  which  breaks  up  into  two  ions. 

Let  Ctt  equal  the  concentration  of  the  unionised  part ;  q  the  concentratic 
of  the  ionised  part ;  and  c  the  combined  concentration.  (Thus  c=:c»-|-c 
The  relationship  between  c„  and  Cj,  in  certain  cases  and  between  certa 
limits  is  given  by  the  equation  A.c„=q*. 

In  the  case  of  a  cylinder  of  length  /,  and  cross- section  ^,  one  end  of  whi 
is  at  a  concentration  Ci,  the  other  Ci,  the  quantity  S  transmitted  in  time  z  wh 
a  steady  state  has  been  attained  is  given  by  the  formula, 

S=RT.^.^.  [W(c.-c,)+2(ij!pt,-w)  (^^I'+kc,-^^^,)'], 

where  R  and  T  are  the  quantities  which  occur  in  the  equation  ^7'=RT  ; 

is  the  velocity  produced  by  unit  force  acting  on  the  gramme-molecule  of 

unionised  electrolyte  ;  and  U  and  V  are  corresponding  velocities  for  the  ic 

Attention  should  be  paid   to    the  hypothesis  that  ^r„=Q*.     The  form 

Indicates  thsiX  strictly  there  is   not  a  constant  of    diffusion.     The  aut 

suggests  that  the  formula  should  be  tested  by  experiments  with  an  electro) 

^^e  acetic  acid.  A 
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16.  Densities  of  Saturated  Vapours.  R.  von  Hirsch.  (Wied.  Ann. 
m.  2.  pp.  466-478,  October,  1899.)— The  author  investigated  the  critical 
densities  of  toluol,  xylol,  propionic  acid,  and  butyric  acid  by  Young's  method 
of  enclosing  two  different  quantities  of  the  substance  in  a  sealed  glass  tube 
and  observing  the  disappearance  of  the  meniscus  in  the  two  cases.  He 
comes  to  the  conclusion  that  in  the  temperature-density  curve  the  critical 
temperature  line  is  not  a  tangent  to  the  curve  of  densities,  but  that  the  curve 
meets  the  line  in  two  points  close  together.  Above  the  critical  temperature 
the  density  of  the  substance  is  represented  by  an  ordinate  whose  position  can 
be  altered  between  certain  limits  by  the  filling  of  the  tube.  When  the 
critical  temperature  is  exceeded,  there  is  always  an  abrupt  change  of  density. 
Sach  a  change  of  density  could  not  take  place  if  solid  and  liquid  had  the 
same  density,  since  the  volume  is  constant  and  the  weight  unalterable. 

E.  E.  F. 

17.  Explosions  in  Air,    W.  Wolff.    (Wied.  Ann.  69.  2.  pp.  829-871,  Octo- 
ber, 1899.) — The  energy  of  explosion  of  a  body  is  determined  by  its  weight 
and  its  heat  of  explosion.    It  is  spent  in  destruction  at  the  seat  of  explosion, 
in  earth  tremors,  in  the  motion  of  projected  matter,  and  in  the  vibration  and 
motion  of  masses  of  air.    If  the  latter  impinge  upon  a  body,  the  quantity  of 
energy  absorbed  by  it  depends  upon  its  properties.     If  the  body  is  absolutely 
hard  and  firm,  it  reflects  all  the  incident  energy.    The  author  has,  on  behalf 
of  the  Prussian  Artillery  Testing  Commission,  made  some  experiments  at 
Cummersdorp  to  determine  the  type  of  motion  produced  in  the  air  by  an 
explosion.     He  finds  that  the  type  is  essentially  that  of  the  sound  wave, 
though  the  velocity  of  propagation  increases  with  the  violence  of  the  ex- 
plosion.   The  main  difference  lies  in  the  fact  that  the  explosion  produces  a 
finite  condensation,  whereas  the  condensation  in  a  sound  wave  is  infinitesimal. 
.V5  the  uave  passes  away  from  the  origin  its  velocity  of  propagation  decreases, 
so  that  the  wave-front  becomes  steeper.     There  is  no  bodily  translation  of  air 
to  distances  over  some  25  m.     But  the  translation  within  that  radius  leads  to 
a  subsequent  wave  of  rarefaction,  which  is  propagated  with  nearly  the  same 
Telocity  as  the  primary  wave,  and  accounts  for  the  indirect  effects  of  the 
explosion,  and  for  the  projection  of  bodies  towards  the  origin.  E.  E.  F. 

18.  Mass  of  a  Cubic  Decimetre  of  Water.  C.  Fabry,  J.  M.  de  L^pinay, 
and  A.  P^ot.  (Comptes  Rendus,  129.  pp.  709-712,  November  6, 1899.)— The 
acthors  have  pre\iously  described  the  method  adopted  to  measure  in  wave- 
lengths the  dimensions  of  a  parallelepiped  of  quartz,  of  edge  about  4  cm. 
Their  object  was  to  determine  the  volume  of  this  solid  in  view  of  a  new 
determination  of  the  mass  of  a  cubic  decimetre  of  water.  The  faces  of  the 
solid  being  neither  perfectly  plane  nor  parallel  two  and  two,  it  is  necessary  to 
investigate  how  the  thickness  varies  from  one  point  to  another  in  each  pair  of 
:aces.  The  optical  methods  adopted  to  obtain  these  differential  measurements 
are  described  in  the  present  paper,  and  from  these  measurements  the  trace  of 
the  curves  of  equal  thickness  for  the  three  pairs  of  faces  is  obtained.  Having 
the^se  curves  as  well  as  the  absolute  thickness  at  one  point,  the  mean  thickness 
corresponding  to  the  pair  of  faces  considered  is  obtained  by  means  of  the 
pianimeter.  The  volume  of  the  cube  of  quartz  deduced  from  the  measure- 
aients  is  61*75186  ca  On  the  other  hand  the  mass  of  water  at  4°  displaced 
by  this  solid  was  exactly  known  from  determinations  of  its  mass  and  te 
density.  This  ma»  o/  water  is  6r7S004  grs.  Hence  the  mass  of  1000  cc  a\. 
r  «  W9inaagfs.,  or  l  kilogr,  ^21-4  milligrs.    This  result  is  considered  exact 
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within  a  few  milligrammes.  It  agrees  with  the  number  which  Chappuis  has 
obtained  as  a  provisional  result  of  measurements  made  on  cubes  of  glass  by 
Michelson's  method,  viz.,  1  kilogr.  —  24  milligrs.  J.  J.  S. 

19.  Air-Resistance  to  Projectiles.  R.  Emden.  (Wied.  Ann.  69.  2.  pp. 
454-^55,  October,  1899.) — The  additional  function  of  the  velocity  which  makes 
up  the  total  resistance  of  air  encountered  by  a  projectile  suddenly  increases 
between  the  velocities  of  800  to  400  m.  per  second,  but  is  approximately  con- 
stant above  and  below  that  value.  The  author  offers  the  following  explana- 
tion :  The  projectile  has  to  perform  work  in  overcoming  the  air  resistance. 
This  work  increases  as  soon  as  the  velocity  has  increased  to  such  an  extent 
that  Mach's  conical  head-wave  is  formed.  This  head-wave  is  formed  as  soon 
as  the  projectile  attains  the  velocity  of  sound.  But  every  sound  wave  contains 
a  certain  amount  of  energy,  and  this  energy  must  be  derived  from  the 
kinetic  energy  of  the  missile.  The  expenditure  of  energy  increases  until  the 
head-wave  has  attained  its  maximum  intensity.  It  must  always  be  newl^ 
generated,  but  the  additional  resistance  is  constant  after  the  maximum  inten- 
sity is  reached.  This  would  explain  what  is  found  to  occur,  but  the  existence 
of  a  maximum  intensity  of  the  head-wave  remains  to  be  demonstrated. 

E.  E.  F 

20.  Production  of  Waves  in  an  Elastic  Solid.     Kelvin.    (Phil.  Mag.  48 
pp.  888-398,  October,  1899.) — This  is  the  concluding  portion  of  the  memo! 
(see  1898,  Abstracts  Nos.  1120  and  IftSl).     The  cavity  in  the  elastic  solid  i 
supposed  to  have  a  rigid  massless  spherical  lining  called  the  sheath.      A  maB 
in  is  mounted  on  massless  springs  within  the  sheath.     The  author  investigate 
what  must  be  the  force  in  simple  proportion  to  the  velocity  of  m  which  wi 
keep  the  sheath  vibrating  in  simple  harmonic  motion  //  sin  w/,  and  therefor 
will  do  the  work  of  sending  out  the  two  sets  of  waves  treated  in  the  forme 
numbers.    The  velocities  of  the  equivoluminal  and  irrotational  waves  are 
and  V  respectively  ;  q  is  the  radius  of  the  sheath.    Two  cases  are  considered 
(1)  qio  is  very  large  compared  with  the  greater  of  u  and  v ;  (2)  qta  is  vei 
small  compared  with  the  smaller  of  u  and  v.    Then,  c  denoting  the  stiffne 
of  the  system  of  springs,  the  results  are  considered  according  as  c  is  vei 
small  or  infinite.    Then  he  considers  the  case  of  v  being  infinite,  which 
important  in  the  Dynamical  Theory  of  light.     Lastly,  the  example  suggest 
in  Phil.  Mag.,  March,  1899 — a  large  mass  of  granite  with  a  spherical  hollo 
of  10  centimetres  diameter  acted  on  by  an  internal  simple  harmonic  vibrat 

of  1006^  f  1000  ^  _  J  periods  per  second,  and  again  when  it  has  1*00 

periods  per  second.  S.  H. 

21.  General  Equation  for  Free  Energy  and  Physico-Chemical  Equilibriu 
G.  N.  Lewis.  (Amer.  Acad.,  Proc.  86.  pp.  3-88,  July,  1899.)— In  Part  1. 
this  paper  the  author  obtains  a  perfectly  general  expression,  equation  (6), 
his  work,  for  the  change  of  free  energy  in  any  isothermal  change,  chemii 
or  physical,  in  any  system,  whether  homogeneous  or  heterogeneous.  He  th 
applies  it  to  the  case  of  gases  and  dilute  solutions,  and  deduces  a  gene 
equation  for  equilibrium  in  any  system,  leading  with  some  extension  to  \ 
mass  law  of  Guldberg  and  Waage,  and  also  that  of  Henry. 

In  Part  II.,  treating  of  monomolecular  systems,  he  shows  that  an  equati 

noarJy  identical  with  that  of  van  der  Waals  can  be  deduced  from  his  gene 

equations  by  the  aid  of  two  empirical  observations,  namely,  the  constanc} 
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the  specitic  heat  of  g^es  at  constant  temperature,  and  the  proportionality 
between  the  cooling  effect  and  the  fall  in  pressure  in  the  free  expansion  of 
Instead  of  van  der  Waals'  constant  b,  he  obtains  an  undefined  function 


a 
of  the  volume.     For  van  der  Waals*  constant  a  in  -;  he  would  also  use  a  func- 

Hon  of  the  volume.  He  proposes  a  more  general  equation  recognising  the 
variability  of  specific  heat  with  volume.  A  formula  is  obtained  for  equilibrium 
between  a  liquid  and  its  vapour.  The  vapour  pressure  curve  is  also  dis- 
cus-sed. 

In  Fart  III.,  the  application  of  the  general  equation  to  solutions  leads  to 
cxpres&ions  for  osmotic  pressure  and  osmotic  work  in  concentrated  solutions, 
and  an  equation  is  given  for  the  distribution  of  a  solute  between  two  solvents. 

In  Part  IV.  the  influence  of  the  nature  of  the  solvent  on  general  homo- 
geneous equilibrium  is  discussed. 

Part  V.  deals  with  the  application  of  the  general  equation  to  electro- 
chenii:>tr\\  S.  H.  B. 


Formation  of  Clouds  uith  Ozone,  J.  S.  To"wnsend.  (Cambridge 
PhiL  Soc,  Proc.  10.  pp.  52-58,  1899.)— When  ozone  is  bubbled  through  a 
elation  of  potassium  iodide,  a  cloud  forms  over  the  solution.  In  explanation, 
Mcissner  has  suggested  that  the  silent  discharge  produces  both  ozone  and 
aintozone.  and  that  the  antozone,  after  the  removal  of  the  ozone,  condenses 
mriUer.  The  author  prepared  ozone  from  pure  oxygen  in  a  Babo  apparatus, 
con^i>ting  of  two  sets  of  fine  glass  tubes  containing  platinum  wires,  enclosed 
in  a  large  glass  tube.  A  large  flask  is  partly  filled  with  water.  Gases  can  be 
introduced  through  two  tubes,  not  dipping  into  the  water  ;  the  one  brings 
dried  ozonised  oxygen,  the  other  oxygen  which  has  passed  over — not  through 
—a  >olaiion  of  potassium  iodide.  No  cloud  is  formed  over  the  water.  But 
Tchen  some  iodine  is  dissolved  in  the  iodide,  then  a  cloud  appears  where  the 
t^fc-o  gas  streams  meet.  The  cloud  cannot  be  due  to  spraying,  since  the  tubes 
do  not  dip  into  the  water.  The  clouds  seem  to  be  produced  by  the  action 
nf  ozone  on  the  iodine  vapour  which  the  stream  of  oxygen  had  carried  with 
IT.  and  they  consist  mainly  of  water  vapour.  A  solution  of  sulphur  dioxide 
gives  similar  results.  Bubbling  the  oxygen  through  the  iodide  or  through  a 
y^lotion  of  metabisulphite  of  sodium  also  gives  clouds,  which  become  denser 
when  the  i^olution  is  gently  heated  ;  sodium  sulphite  gives  no  cloud.  The 
oznnc  seems  to  oxidise  the  iodine  or  sulphur  dioxide,  yielding,  in  the  presence 
ot  water,  iodic  or  sulphuric  acid.  The  cloud  disappears  when  the  gas  is 
dried  by  passing  through  sulphuric  acid,  and  reappears  in  the  presence  of 
moisture.  There  remain  behind  in  the  gas,  says  the  author,  very  small 
particles  which  consist  of  the  non-volatile  body  which  prevented  the  drops 
farming  the  cloud  from  evaporating  under  the  action  of  surface  tension.  In 
order  to  ascertain  whether  or  not  the  centres  round  which  the  drops  form  are 
electrically  charged,  the  gases  which  were  capable  of  producing  a  cloud  were 
pa-sed  through  an  aluminium  cylinder  whose  insulated  axis  was  connected  with 
a  quadrant  electrometer.     No  change  could  be  detected.  H.  B. 

23.  Seurtonian    Constant,     G.    K.    Burgess.     (Comptes    Rendus,    129. 
pp.  407-409,  August  21,  1899.)— This  is  a  description  of  a  piece  of  apparatus 
in   Lippmann's  laboratory  for  the  determination   of  the   gravitationaV 

W.  G.  R. 
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24.  Gravity  in  Piedmont,     C.  Aimonetti.    (Accad.  Sci.  Torino,  Mem. 
84.  pp.  550-661,  1899.)— The  chief  results  are  given  in  the  following  table  : — 


Stations. 

Gravity 
observed. 

Correction 

for 

height. 

Correction 

for  Mass 

underneath. 

Gravity 

reduced  to 

sea-level 

(G'o) 

Gravity 

theoretical 

(Go) 

Anomaly 
of  gravity 
(GV-Go) 

Fossano 

Cuneo 

9*80430 
487 
465 
468 
470 
471 
546 
417 
564 
611 
570 

4-116 
168 
52 
25 
80 
88 
55 
186 
40 
49 
72 

-81 
52 
18 
8 
9 
18 
19 
44 
12 
15 
24 

9-80515 
548 
499 
485 
491 
496 
582 
509 
592 
645 
618 

9*80556 
541 
569 
589 
596 
587 
614 
605 
626 
687 
608 

—  41 

4-     7 

—  70 

Alba    

Alessandria . . 

Voghera 

Asti 

—104 
—105 
—  91 

Chivasso 

Crea... 

—  82 

—  96 

Vercelli  

Novara 

Turin  

—  84 

+     8 
+  16 

Considering  a  line  from  Turin  to  Milan,  it  is  seen  that  there  is  an  excess  < 
mass  at  Turin,  a  deficiency  at  Chivasso  and  Vercelli,  and  again  a  slight  exce 
at  Novara.  Along  a  parallel  line,  from  Cuneo  to  Voghera,  after  a  slight  exce 
at  Cuneo,  there  is  a  deficiency  whose  value  increases  gradually  until  Voghe 
is  reached,  where  the  deficiencies  arc  greater  than  at  Chivasso  and  Vercelli. 

A. 

26,  Humidity  Variations  on  the  Coast  of  the  Adriatic.    £.  Mazelle.    (Aks 
Wiss.  Wien.,  S.ber.  108.  pp.  281-822, 1899.)— Hourly  observations  were  tak 
during  the  ten  years  1886-1895,  all  with  the  same  thermo-hydrograph  of  Has 
and  Escher,  at  the  Navy  Hydrographic  station  of  Pola.    The  hut  has  since  be 
arranged  in  modern  fashion,  so  that  comparative  data  will  be  available  so! 
years  hence.   The  maximum  relative  humidity  was  observed  at  4*8  h.  a.m. 
January,  at  6, 5*9, 5*4  h.  in  the  following  months,  at  4*9, 4*6, 4*7, 4*4, 4*4  h.  duri 
the  summer  up  to  September,  and  at  5*9,  6*8,  5*2  h.  a.m.  in  the  last  months 
the  year.    Thus  the  maximum  precedes  the  sunrise  in  winter  and  chan 
little  as  to  the  hour  during  the  summer  months.    The  minimum  follows 
1*7  h.  p.m.  in  January,  and  about  0*5  h.  p.m.  in  summer.    When  serene  d 
(uninterrupted   sunshine    record)  and   overcast  days  are  distinguished, 
amplitudes  of  the  relative  humidity  are  found  to  be  greater  on  serene  d 
and  in  summer  generally  (maximum  in  July),  than  on  overcast  days  and 
winter  (minimum  in  November).    The  extremes  are  delayed  in  winter 
spring,  and  advance  as  the  season  passes  from  summer  into  winter.    \Vj 
of  relative  humidity,  a  continued  general  increase  followed  by  a  decre 
have  an  average  length  of  8*16  days ;   they  are  a  little  shorter  in  sum 
and  longer  in  winter.     As  a  rule  the  ascending  branch  is  longer  than 
period  of  decrease.    The  paper  is  essentially  tabular ;  curves  arc  not  gi 

F 


26.  Kites  for  Meteorological  Research.    C.  F.  Marvin.    (Frank.  In 
Journ.  148.  pp.  241-259,  October,  1899.)— The  U.S.  Weather  Bureau 
seventeen  kite  stations  in  18&&,  of  which,  owing  to  limited  funds,  only  t 
nrere  in  operation  at  the  end  of  the  year.    The  work  is  under  the  superint 
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ence  of  the  author.    The  standard  kite  is  of  the  Hargrave  type  with  three 

frames  of  spruce  strips — straight,  not  curved — braced  and  strengthened  by 

steel  wire  ties.    The  two  bands,  the  one  of  white  cambric,  the  other  of  black 

percaline,  are  2  feet  wide  and  28  inches  apart.    The  bridle  cord  is  attached  at 

a  single  point,  well  forward  ;  the  safety  line  is  also  a  cord,  not  an  elastic  spring 

or  cord  as  often  proposed.    The  steel  wire  of  the  line  0'028  inch  in  diameter, 

has  a  tensile  strength  of  over  200  lbs.  and  is  appHed  in  lengths  of  7,000  feet 

The  hand-reel  on  which  it  is  coiled  (at  Washington  a  steam  windlass)  must  be 

exceedingly  strong.    The  inclination  of  the  line  is  measured  with  the  help  of 

aluminium  arms  and  a  graduated  circle ;  the  angular  elevation  by  the  Marvin 

nephosoopc,  a  mirror  with  an  adjustable  sighting  staff,  through  which  and 

through   the  centre  of  the   mirror  a  weighted  thread  passes.     In   the  line 

inclination,  a  correction  is  made  for  the  sag,  not  for  the  lateral  wind  pressure 

on  the  wire.    The  Marvin  meteorograph  is  fixed  within  the  box-frame  of  the 

kite,  and  not  suspended  below  the  kite,  and  consists  of  a  drum,  revolving  once 

in  twelve  (or  in  one)  hours,  and  a  tube  parallel  to  it  through  which  the  wind 

Mows.     The  tube  contains  the  hair  hygrometer  and  the  thermometer,  a  pair 

of  Bourdon  tubes  completely  filled  with  alcohol.  The  lag  of  the  thermograph  is 

1"  F.  when  the  temperature  changes  at  the  rate  of  1*5°  per  minute,  which 

corresponds  to  the  ordinary  rise  or  fall  of  the  kite,  500  feet  per  minute.    The 

aneroid  barometer  has  a  steel  chamber.    The  wind  velocity  is  measured  by 

anemometers.     Four  pens  rest  on  the  drum.  H.  B. 

27.  Laziale  Earthquake,  July  19,  1899.  C.  Bassani.  (Rivista  Sci. 
Indostriale,  81.  pp.  169-171,  August  10,  1899.) — According  to  the  author's 
calculations  the  seismic  centre  was  under  Monte  Cavo  at  a  depth  of  16*12 
kilometres :  and  the  total  energy  of  the  shock  was  1*6  x  10"  kilogram-metres. 

A.  G. 

28.  Scismometru  Obsen^aiions  in  Goltingen.     E.  Wiechert.     (Gesell.  Wiss. 

Gottingen,  Nachr.  Math.  Phys.  Klasse,  2.  pp.  196-208, 1899.) — The  observations 

are  taken  by  means  of  a  seismograph  consisting  of  a  horizontal  pendulum, 

one  end  of  which  presses  against  a  point,  whilst  the  other  is  supported  by  a 

thread.    TTie  pendulum  is  of  a  conical  shape ;  it  is  almost  surrounded  by 

a  fixed  cone  ;  the  intervening  space  is  only  a  few  millimetres  across,  and  the 

aBT-damping  is  considerable.    The  whole  is  surrounded  by  a  cover  provided 

with  a  glass  window.    The  free  extremity  of  the  pendulum  is  provided  with 

2  mirror,  and,  by  suitable  means,  any  motions  are  registered  photographically 

on  a  rotating  cyhnder.    The  yearly  cost  of  the  photographic  paper,  gas,  &c., 

rjT  one  pendulum  is  about  170  marks.    Two,  which  would  enable  the  com- 

fiooents  of  the  earth-disturbances  in  two  directions  to  be  determined  (the 

same  lamp  would  do  for  the  two),  would  cost  about  280  marks  yearly.    Apart 

from  seismic  actions,  the  pendulum  is  subject  to  two  disturbances  :  shaking 

arising  from  the  action  of  wind  upon  the  building,  and  movements  of  the 

^port  due  to  changes  of  temperature.     Experience  teaches  how  to  dis- 

snguirsh  between  these  disturbances  and  the  seismic  actions.     The  instrument 

-•>  proving  a  serviceable  one,  and  some  interesting  reproductions  of  the  graphs 

ihow  thai  it  has  recorded  the  earth-movements  due  to  earthquakes  with 

oentres  at  great  distances.  A.  G. 

29.  Th€  Solar  Corona,    T.  Bredikhine.    ^Acad.Sci.St.  Petersbourg,B\i\\. 
H  pp.  17^207,  1898.)— U5//7^  photographs  of  the  sun's  corona,  the  autV\ot 
deienmnes  the  various  hyperbolic  paths  along  which  the  cotorva\ 


r 


12  SCIENCE  ABSTRACTS. 

matter  appears  to  move,  by  placing  hyperbolic  curves  with  their  foci  at  the 
sun's  centre,  and  trying  consecutive  curves  until  one  is  found  to  fit  a  particular 
path  (the  effect  of  perspective,  which  is  readily  noticeable  in  some  cases, 
being  neglected).     From  the  observed  velocity  of  solar  protuberances,  the 
author  is  led  to  form  an  estimate  of  the  probable  initial  velocities  of  the 
coronal  matter  ;  these  may  range  from  200  to  600  kilometres  per  sec,  and  in 
some  cases  may  reach  even  900  kilometres  per  sec.    The  author  points  out 
the  close  analogy  between  the  tails  of  comets  and  the  sun's  corona,  and, 
making  the  assumption  that  each  particle  describes  its  path  under  the  action 
of  two  forces — a  gravitational  attracting  force  due  to  the  sun's  mass,  and  an 
unknown  repelling  force — calculates  the  value  of  this  latter  from  the  graphi- 
cally determined  paths  and  the  assumed  initial  velocities.    The  result  of  this 
investigation  is  to  show  that  the  force  of  repulsion  either  very  nearly  balances 
that  of  attraction,  or  else  diflFers  from  it  by  only  a  small  amount.    In  general, 
the  coronal  matter  which  is  being  ejected  from  a  given  point  on  the  sun's 
surface  will,  at  a  given  instant,  have  the  form  of  a  spiral  consisting  of  one  or 
more  turns,  according  as  the  period  of  eruption  does  not  or  does  exceed  the 
time  of  the  sun's  revolution.    The  various  portions  of  this  spiral  move  outwards 
almost  exactly  along  their  radii  vectores.    The  author  then  throws  out  several 
suggestions  regarding  the  causes  of  these  eruptions  :  it  is  possible  that  when 
portions  of  the  sun's  substance  originally  in  its  interior  are  quickly  brought  to 
the  surface,  the  sudden  release  from  an  enormous  pressure  causes  a  violent 
scattering  of  the  particles ;  again,  under  the  influence  of  the  sun's  atmosphere 
the  ionised  particles  may  conceivably  be  deprived  of  the  electric  charges  o 
one  sign,  those  of  the  opposite  sign  only  remaining ;  the  force  of  repulsioi 
might   then   be  explained  as  due  to  the  electric  potential  of  the  sun.     Ii 
conclusion,  the  author  refers  to  the  work  of   Bigelow  and  Schaeberle  oi 
this  subject.  A.  H 
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36.  Refracfive  Index  of  Liquids,  II,  C.  Bender.  (Wied.  Ann.  69.  3.  pp. 
(J76-579,  November,  1899.) — This  part  of  the  author's  work  deals  with  the 
refractive  index  of  water  for  the  three  lines  Ha,  H/3,  and  Hy,  between  the 
temperatures  40°  and  70°.  For  Ha  the  rcfractivity  of  pure  water  is  represented 
by  the  formula  1-3819977— 000002872/— 0000001 1362/ ».  For  H/3  the  first 
term  is  1-3877690,  and  for  Hr  it  is  1*3409663,  the  temperature  coefficients 
being  the  same  for  all  the  three  lines.    (See  1899,  Abstract  No.  1471.)    E.  E.  F. 

3e.  Double  Refraction  in  Liquids.  B.  V.  Hill.  (Phil.  Mag.  48.  pp.  485-498, 
December,  1899.)— The  double  refraction  introduced  in  solutions  of  colloids 
by  stirring  is  here  studied.  The  solution  was  placed  in  a  bath  which  con- 
tained also  two  parallel  cylinders,  one  of  which  was  rotated.  (See  Phil.  Mag. 
44.  p.  499.)  The  light  passed  through  the  solution  between  the  cylinders. 
A  half -shadow  apparatus  was  used  to  measure  the  rotations.  Homogeneous 
light  obtained  by  passing  sunlight  through  absorbing  solutions  was  used. 
Solotions  of  the  colloids  gelatine  and  gum-arabic  and  the  crystalloids  hypo- 
solphite  of  soda  and  cane-sugar  were  studied.  With  the  crystalloids  no  double 
refraction  is  observed,  but  with  the  colloids  the  double  refraction  varies  with 
the  speed  of  rotation  of  the  cylinder  and  also  with  the  concentration.  With 
a  solution  of  gum-arabic  the  double  refraction  is  proportional  to  the  speed, 
bttt  not  proportional  to  the  concentration ;  but  in  this  respect  the  effect 
depends  xery  much  on  how  the  solutions  have  been  treated  and  made.  With 
solutions  of  gelatine,  for  small  velocities  the  double  refraction  increases  with 
the  speed,  though  not  in  proportion  to  it.  This  increase  continues  up  to  a 
certain  point  where  an  elastic  limit  seems  to  be  reached.  Beyond  this  point 
the  amount  of  double  refraction  decreases  and  finally  changes  sign  as  the  speed 
is  mcreased.  With  very  dilute  solutions  (1  gramme  per  litre)  this  breaking 
down  takes  place  at  so  small  a  speed  that  it  cannot  be  observed,  and  the 
decrease  of  the  double  refraction  with  the  speed  is  very  slow.  In  solutions 
*4  gelatine  under  the  same  conditions  the  double  refraction  is  proportional  to 
the  concentration.    A  number  of  tables  and  curves  are  given  in  the  paper. 

The  author  concludes  that  these  solutions  of  colloids  arc  not  true  solutions 
in  the  proper  sense  of  the  terra,  since  their  behaviour  is  much  more  like  that  of 
A3  elastic  solid,  being  able  to  sustain  strains  if  not  distorted  too  much.  Also, 
if  diluted  to  half  the  concentration,  tlie  double  refraction  is  indefinite  and  is 
not  halved  until  the  solution  is  again  boiled  and  cooled.  There  must  there- 
tore  in  these  solutions  be  a  structure  similar  to  that  of  jellies.  J.  B.  H. 

37.  Strain  in  Glass  Drops.  K.  Mack.  (Wicd.  Ann.  69.  4.  pp.  801-803, 
December,  1899.) — Strained  glass  plates  show  striking  colours  in  polarised 
light.  Glass  '*  teiirs  "  appear  black  owing  to  total  reflection.  But  they  can  be 
made  to  show  their  colours  by  immersing  them  in  a  glass  trough  containing 
a  liquid  of  the  same  refractive  index,  such  as  cedar  oil,  or  a  mixture  of  carbon 
bi>alphide  and  ethyl  ether,  or  a  solution  of  chloral  hydrate  in  glycerine.  The 
colours  resemble  those  of  peacock  feathers  or  butterfly  wings.  They  make  a 
>triking  lecture  experiment.  E.  E.  K. 

38.  Focussing  a  Collimator.  G.  Lippmann.  (Comptes  Rendus,  129. 
pp.  569-^70,  October   16,  1899.)— The   slit  is  viewed  through  an  auxiliary 

I,  and  a  bi-plate  is  interposed  between  the  telescope  and  the  colli- 
The  bi-plate  consists  of  two  plates  of  glass  with  their  edges  ad)om\u^ 
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and  parallel  to  the  slit,  and  their  surfaces  at  right  angles  to  each  other  and  at 
46°  to  the  path  of  the  beam.  Two  images  of  the  slit  are  then  seen  in  the 
telescope.  The  collimator  is  focussed  until  the  two  images  become  one. 
When  that  happens  it  is  focussed  upon  infinity  as  required..        .    E.  E.  F. 

39.  Correction  for  Thickness  of  Lens  and  Mirror  in  Magnetometers,  S; 
Hlasek.  (Acad.  Sci.  St.  Petersbourg,  Bull.  9.  pp.  88-90, 1898.)— It  has  recently 
become  common  practice  to  close  the  opening  through  which  the  light  passes 
into  the  chamber  containing  the  suspended  magnet  by  a  lens  instead  oif  a 
plane  piece  of  glass,  as  this  arrangement  requires  only  an  eyepiece  for  read- 
ing off  the  deflection,  and  is  thus  cheaper.  The  formula  which  is  generally 
used  for  calculating  the  corrected  distance  of  the  scale  is — 

where  e^  and  e  stand  for  the  corrected  and  measured  distances  respectively 
of  the  scale  from  the  mirror,  d  for  the  distance  of  the  lens  from  the  mirror, 
and  /  for  the  focal  length  of  the  lens.  The  author  points  out  that  this  formula 
may  lead  to  appreciable  errors,  since  it  takes  no  account  of  the  thickness  of 
the  lens,  and  since  neither  c  nor  d  are  sufficiently  well  defined.  He  then 
deduces  the  following  more  accurate  formula— 


='|.-/7-f(8.-S)-'^*} 


in  which^  =  <y-|-J5+3^,  d  being  here  the  distance  of  the  front  plane  of  the 
mirror  from  the  lens  surface  facing  it,  c  the  thickness  of  the  mirror,  A  that  of 
the  lens,  and  e  the  distance  of  the  scale  from  the  front  plane  of  the  mirror. 

A.  H 

40.  Mechanical  Working   oj    Optical  Surfaces.    P.  Gautier.    Qourn.  d( 
Physique,  8.  pp.  477-483,  September,  1899.)— The  truth  of  a  plane  surface  h 
best  tested  by  means  of  a  round  luminous  patch  reflected  at  a  large  angle  o 
incidence.    When  in  focus,  the  patch,  observed  through  a  telescope,  shoulf 
be  round  and  surrounded  by  symmetrical  fringes.     If  the  surface  is  slightl; 
concave,  the  image  will  be  flattened  out  laterally  on  pulling  out  the  eyepiece 
if  convex,  the  image  will  be  drawn  out  vertically.    An  elevation  of  onl; 
0*0001  mm.  is  thus  discoverable.     In  order  to  avoid  bending,  the  glass  mus 
be  so  thick  that  a  mirror  2  m.  in  diameter  would  weigh  8,000  kilogramme! 
The  working  machine  must  be  correspondingly  rigid.     The  machine  used  fc 
the  2  ni.  mirror  is  described.     The  working  occupied  three  months.    Th 
last  polish  was  done  in  the  dry  way  with  paper  attached  to  the  grindin 
surface  and  lightly  rubbed  with   the   finest  Tripoli   powder.     During  th: 
operation  it  was  found  necessary  to  keep  a  distance  of  0*08  mm.  between  it 
polishing  surface  and  the  mirror.     After  every  two  minutes   polishing  tfc 
machine  had  to  be  stopped  for  half  an  hour  to  avoid  heating.     Eventually 
was  found  necessary  to  give  the  grinding  surface  a  curvature  of  0*005  mm.  U 
the  2  m.    The  mechanical  correction  lasted  eight  months.  E.  E.  ] 

41.  New  Spectrophotometer.    D.  B.  Brace.    (Phil.  Mag.  48.  pp.  420-18 

November,   1899.)— An  ordinary  spectrometer  by  the  addition  of  an  ext 

collimator  and  with  a  particular  prism  on  the  goniometer  table  is  here  co 

verted  into  a  spectrophotometer  of  the  most  sensitive  type.    This  type  is  oi 

having  no  line  of  separation  between  the  fields  to  be  compared,  as  realised 

i/ia  JLummer-Brodhun  ordinary  photometer.    The  prism  is  a  composite  or 

composed  of  two  equal  prisms  whose  angles  are  8(f ,  W,;mdW,cen\^tjfe 
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together  so  as  to  make  an  equilateral  triangular  prism.    One  of  the  two  faces 
cemented  together  has  a  strip  silvered  along  its  whole  length. 

Suppose  the  prism  to  be  mounted  on  the  spectrometer  table,  and  the  two 
cofliniators  to  be  placed  symmetrically  to  the  cemented  faces,  and  in  such 
positions  that  the  two  beams  from  the  collimators  enter  the  composite  face  of 
the  equilateral  prism  from  opposite  sides  at  the  angle  of  minimum  deviation. 
The  two  beams,  or  portions  of  the  beams  when  they  emerge  from  the  prism, 
the  one  after  direct  transmission  through  the  cemented  faces,  the  other  after 
reflection  in  the  silvered  part  of  the  cemented  faces,  emerge  as  spectra, 
exactly  coinciding  the  one  with  the  other.    The  instrument  is  adjusted  so  that 
the  sodium  Une  of  each  spectrum  coincides  with  the  cross  wires  in  the 
telescope  :  any  other  line  in  the  one  spectrum  then  coincides  with  the  same 
knc  in  the  other.     If  the  eyepiece  of  the  telescope  be  now  removed  and  a 
small  vertical  slit  be  inserted  in  the  focal  plane,  the  eye,  by  focussing  on  the 
prism  through  the  slit,  will  see  the  field  illuminated  by  monochromatic  light, 
aid  with  a  band  across  it  which  is  brighter  or  less  bright  than  the  rest  of  the 
6eld.     By  adjusting  the  width  of  one  of  the  collimator  slits  the  band  will  dis- 
appear, and  the  two  spectra  are  then  of  equal  intensity  for  that  particular 
wave-length.      By  this  means  any  two  sources  of  light  may  be  compared 
throughout  the  whole  spectrum. 

The  author  describes  a  convenient  method  of  standardising  the  slits. 

J.  B.  H. 

42.  Sfcctropkotametry  of  Electric  Light.  F.  Gaud.  (Comptes  Rendus, 
129.  pp.  75^760,  November  18,  1899.) — Incandescent  and  arc  lights  were 
compared  with  sunlight  Each  of  the  lights  was  decomposed  by  glass 
screens  of  homogeneous  colours,  and  the  intensity  of  the  transmitted  beams 
waa  estimated  by  Foucault's  or  Bunsen's  photometric  apparatus.  The  light 
L-^nsmitted  by  the  screen  was  observed  by  means  of  a  grating,  and  the  angles 
•jt  deviation  measured.  Thus  the  wave-length  of  the  radiation  from  each 
xTcen  was  found  ver)'  exactly.  Then  the  sources  to  be  compared  were 
cringed  on  the  photometer,  furnished  each  with  a  yellow  screen,  so  as  to 
t'btam  equality  of  illumination  for  the  D  ray.  On  substituting  for  the  yellow 
xreen  the  series  of  coloured  screens  it  was  necessary  each  time,  in  order  to 
get  equality  of  illumination,  to  modify  the  distance  of  one  of  the  sources, 


»hich    instead  of   L  became  Li,  L»  .  .  .    The   numbers 


(H'  {^' 


xcasore  the  photometric  ratio  of  the  two  lights  for  each  colour-  considered. 
Taking  these  numbers  as  ordinates  with  the  wave-lengths  of  the  correspond- 
ing colours  as  abscissae  a  curve  is  obtained  which  gives  the  exact  measure  of 
the  ratios  for  the  principal  rays  of  the  spectrum.  The  following  is  a  table  of 
these  ratios  : — 


Incandescent  Light. 

Arc  Ligl 

>Vave-len{^. 

Sun. 

Sun. 

800m 

11-86             

1-67 

Ray  A 

4-88             

1-87 

„     B 

2-68             

1-28 

,,     C 

1-25             

0-97 

,,     D 

100 

100 

.,     E 

0-88 

0-77 

..     F 

017            

0-56 

„     G 

0-10            

0-88 

0t     fi 

0-05            

1-21 

J.J.S. 
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43.  Photometry  of  Acetylene,  L.  W.  Hartman.  (Phys.  Rev.  9.  pp.  17( 
188,  September,  1899.) — An  account  is  given  of  the  photometric  study  < 
mixtures  of  acet^'lene  and  hydrogen  burned  in  air.  The  results  are  exhibite 
by  means  of  curves.  From  these  it  appears  that  the  acetylene-hydrogen  flaff 
is  richer  in  the  short  wave-lengths  than  the  flame  burning  acetylene  alor 
used  as  a  secondary  standard.  Moreover,  the  colour  properties  of  the  flan: 
appear  to  be  independent  of  the  amount  of  hydrogen  in  the  mixture.  Upc 
going  to  the  limit  this  statement  would  not  hold  true.  Lava  tip  and  bra: 
tip  burners  were  used.  In  the  case  of  the  brass  tip  it  is  shown  by  curw 
giving  the  relation  between  percentage  of  acetylene  and  candle-power,  thi 
the  candle-power  reaches  a  maximum  and  then  falls  away  with  increasin 
percentage  of  acetylene.  This  is  due  to  the  incomplete  combustion  of  the  gli 
after  a  given  percentage  of  acetylene  in  the  mixture  has  been  reached.  1 
the  case  of  the  lava  tip,  the  flame  with  low  percentages  of  acetylene  appea] 
very  like  the  flame  of  burning  hydrogen  :  at  first  it  slowly  increases  in  candl< 
power  with  increasing  percentage  of  acetylene,  and  does  not  reach  the  sta| 
of  incomplete  combustion.  J.  J,  J 

44.  Photometry  of  Arc  Lamps,  F.  Laporte.  (Soc.  Int.  Elect.,  Bull.  1 
pp.  28&-802,  June,  1899.) — The  author  describes  a  method  of  measuring  tl; 
total  mission  of  an  arc  lamp  by  reflecting  its  light  into  a  photometer  by 
mirror  capable  of  travelling  in  a  circle  round  the  lamp,  the  rotation  takin 
place  about  the  axis  of  the  photometer.    In  practice  two  such  mirrors  ju^e  use< 

E.  E.  1 

46.  Photometry  of  the  Electric  Arc.    E.  W.  L.  Richter.    (Elekt.  Rund 

16.  pp.  288-289,  August,  1899.)— The  electric  arc  is  divided  into  three  part* 

(a)  a  green-tinged  aureole,  (b)  a  darker  mantle  of  flame,  (c)  a  bright  bltti 

violet  nucleus.    The  relative  actinic  intensities  of  these  three  parts  depec 

very  much  upon  the  kind  of  carbons  used.     Experiments  are  described  i 

which  a  Nicol's  prism  photometer  is  employed  for  comparing  the  apparei 

relative  intensities,  using  in  some  cases  carbons  with  a  known  percentage  ol 

salt,  such  as  sodic  chloride.     In  one  case  mentioned,  using  solid  carbo 

18  mm.  diameter,  with  an  arc-length  of  6  mm.,  15  amperes,  and  56  volts,  ti 

ratios  are — 

ft  :  a  :  c  =  1  :  228  :  3*82. 

The  brightness  of  the  sodium  line  is  greater  in  a  and  least  in  6,  and  k 
function  of  the  temperature  and  of  the  quantity  of  sodium  vapour.  R, 

46.  Maximum  of  Radiation,  F.  W.  Very.  (Astro-Phys.  Journ.  \ 
pp.  208-210,  October,  1899.) — The  author  discusses  some  courses  of  obsen 
deviations  from  Paschen's  law, 

\  ^^  X  T=2891. 

"  Two  causes  conspire  to  produce  these  differences.  (1)  The  impeif 
absorption  of  long  waves  by  the  simply  blackened  bolometer  makes  the  m 
length  of  the  apparent  maximum  too  small,  and  this  to  a  greater  degree  as 
temperature  is  lower  and  the  maximum  in  the  spectrum  nearer  to  these  k 
waves  whose  absorption  by  the  blackening  substance  becomes  less  and  1 
as  the  wave-length  increases.  (2)  The  temperatures  of  thick  radiating  pb 
^re  estimated  too  high,  on  account  of  neglecting  the  sub-surface  temperate 
^adient  which  is  larger  and  increases  the  assigned  maximum  more, 
higher  the  temperature.     The  first  of  these  causes  of  error  is  eliminated 

.1 
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Pbcjien's  recent  work  by  the  use  of  what  may  be  called  a  repeating  bolometer, 
in  which  the  strip  has  repeated  opportunities  for  absorbing  the  reflected 
remnant  of  radiation  ;  and  the  second  has  been  obviated  by  the  use  of  radiant 
cavities  and  extremely  thin  radiant  strips,  reducing  the  sub-surface  gradient  to 
a  minimum.'*  E.  E.  F. 

47.  Rrmfuini  Rays  of  Fluorspar,  H.  Rubens.  (Wied.  Ann.  69.  3. 
pp.  57d-n588,  November,  1899.) — When  the  radiation  of  any  source  of  heat  is 
repeatedly  reflected  from  fluorspar  surfaces,  the  emergent  rays  all  belong  to 
a  certain  infra-red  region  from  which  fluorspar  exhibits  metallic  reflection. 
The  author  calls  these  rays  remnant  rays  {Reststrahlen).  Their  wave-length 
vario  between  24*4  and  28*7  fi.  The  energy  curve  is  unsymmetrical,  being 
>*ccptrr  on  the  more  refrangible  side.  A  new  examination  by  means  of  an 
improved  thermo-couple  reveals  the  existence  of  a  second  maximum  in  the 
energy-curve,  situated  at  X  =  81 '6.  It  is  the  clearer  the  greater  the  number  of 
reflections.  E.  E.  F. 

48.  Propagation  of  Luminous  Vibrations  through  Matter.  G.  Sagnac. 
^Comptes  Rendus,  129.  pp.  766-758,  November  18,  1899.) — The  author  con- 
!»ider>  the  luminous  vibrations  in  the  interior  of  a  body  as  being  propagated 
b\-  the  intervention  of  a  medium  identical  with  the  ether  of  a  vacuum,  and  not 
differing  from  it  in  density  or  elasticity.  Instead  of  considering  mechanical 
reactions  between  the  ether  and  matter,  account  is  taken  of  the  discontinuity 
c*  matter  by  a  mechanism  chiefly  kinematic,  as  follows  : — 

Each  particle  or  Atom  of  the  material  medium  sends  back  in  all  directions 
1  definite  proportion  of  the  vibrations  which  fall  upon  it.  This  reflection- 
diftraction  of  the  luminous  vibrations  by  a  material  particle  may  be  compared 
to  the  reflection-diffraction  of  Hertz's  electric  vibrations  by  a  small  conducting 
body  /«  vacuo  of  very  small  dimensions  compared  with  the  wave-lengths  of 
the  incident  electric  vibrations.  Consider  the  fundamental  case  of  a  series  of 
plane  luminous  waves  of  single  period  arriving  in  a  vacuum  parallel  to  the 
plane  surface  P  of  a  very  transparent  isotropic  medium.  Each  layer  of 
particles  of  the  medium  separates  the  vibrations  which  meet  it  into  transmitted 
and  reflected  vibrations.  The  same  subdivision  goes  on  by  transmission  and 
reflection  at  the  different  layers  of  particles.  There  is  thus  produced  a 
number  (theoretically  infinite)  of  systems  of  elementary  vibrations  having 
undergone  transmissions  and  reflections  more  or  less  numerous.  All  the 
cietnentary  vibrations  which  have  undergone  an  even  number  of  reflections 
i:  the  particles  are  propagated  towards  the  interior  of  the  material  medium. 
W  the  same  plane  S,  parallel  to  the  surface  P  of  the  medium,  these  vibrations 
arrxvc  with  different  phases  on  account  of  the  different  paths  that  they  have 
traversed  in  vacuo  from  one  reflecting  particle  to  another.  The  resultant  of 
the^e  elementary  vibrations  of  even  order  defines  at  each  free  point  of  the 
plane  S  the  periodic  vibration  transmitted  to  the  interior  of  the  medium.  In 
the  same  way  the  elementary  vibrations  which  have  undergone  an  odd  number 
yd  reflections  come  back  to  traverse  the  surface  P  of  the  medium  ;  their 
resultant  defines,  at  each  free  point  of  P,  the  vibration  reflected  at  the  surface 
of  the  medium. 

Wlien  the  plane  S  withdraws  into  the  medium  to  a  distance  from  the 
aorface   P  superior  to  a  certain  value  E,  the  vibrations  of  unevei\  ordet 
which  traverse  the  plane  S  in  the  direction  of  P  are  sent  back  by  the  \avers 
cf  particles  comprised  between  S  and  P  sensibly  as  if  the  distance  e  irom  S 
a>Pw9s  inBaite.    After  this,  the  same  increase   £,e  of  the  thickness  e  oi 
FOL.  HL  C 
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matter  between  S  and  P  produces  alwa3rs  the  same  increase  at  of  the  retarda- 
tion r  of  the  refracted  vibration.  The  retardation  r  is  considered  as  the 
mean,  determined  by  the  rule  of  Fresnel,  between  the  different  retardations  S 
that  the  different  elementary  vibrations  of  even  order  have  experienced 
during  their  course  back  and  forward  in  vacuo  between  the  reflecting  particles. 
The  elementary  retardations  i  increase  by  successive  degrees  comparable  to 
double  the  mean  distance  of  the  particles  ;  therefore,  in  general,  by  degrees 
extremely  small  compared  with  a  wave-length.     All  these  retardations  c 

surpass  the  thickness  e  of  the  medium  traversed  :  the  ratio,  — ,  henceforth 

constant,  is  above  unity  ;  it  is  the  index  of  refraction,  «,  of  the  medium. 
According  to  this  mechanism,  the  velocity  of  propagation  of  the  transmitted 
vibration  takes  a  constant  value  V  equal  to  Vo/»  (the  velocity  of  a  plane  wave 
in  vacuo  being  Vo),  only  beyond  the  optical  layer  of  passage  determined  by 
the  thickness  E  of  the  medium  supposed  perfectly  homogeneous.  J-  J«  S. 

49.  Fault  in  Lippmann's  Colour  Photography.      O.    Wiener.      (Wied. 
Ann.  69.    2.   pp.    488-530,    October,    1899.)— The   author    points    out    and 
explains  the  faults  in  the  pictures  produced  by  the  peculiar  interference  of 
the  rays  reflected  from  the  gelatine  surface  with  the  rays  proceeding  from 
within  the  gelatine  itself.    There  is  alwa5rs  a  difference  of  phase  between  the 
surface  wave  and  the  wave  reflected  from    Lippmann's  first  elementary 
stratum,  and  this  difference  of  phase  displaces  the  spectrum  colours  towards 
the  red,  and  produces  wrong  colouring.    The  obvious  remedy  is  to  eliminate 
the  surface  reflection  altogether.    This  can  be  done  by  inserting  the  finished 
plate  in  a  bath  of  benzol,  which  has  about  the  same  refractivity  as  gelatine, 
and  therefore  eliminates  the  reflection  at  the  surface  of  the  latter.    A  lesi 
circumstantial    remedy  consists  in  producing  a  large    difference  of   patb 
between  the  surface  wave  and  the  first  elementary  wave,  by  coating  th< 
gelatine  with  a  layer  of  collodion.     If  this  layer  is  made  of  such  a  thickness  a: 
to  make  the  phases  of  the  two  waves  coincident,  very  brilliant  and  true  effect 
are  obtained ;  but  that  can  only  happen  by  a  fortunate  accident,  as  the  thick 
ness  required  differs  with  the   colour..    About  9  to  18  elementary  layer 
contribute  to  the  reflection  of  the  colours,  and  each  of  them  is  probably  aboi 
1*4  fifi  thick.    The  phase  displacement  of  these  layers  is  not  zero,  as  assume 
by  Lippmann,  but  may  under  certain  conditions  attain  a  quarter-wave-lengtl 

E.  E.  J 

60.  Electrophotography,    L.   Fomm.    (Wied.   Ann.   69.  2.   pp.   479-48 
October,  1899.) — A  study  of  Lichtenberg  figures  has  led  the  author  to  devi 
a  plan  for  photographing  sections  of  different  kinds  of  wood  by  simple  conta< 
The  sections  must  be  thin  and  smooth.    They  are  covered  on  one  side  wi 
tinfoil,  and  on  the  other  with  a  sheet  of  bromide  paper,  with  the  gelatine 
contact  with  the  wood.     A  negatively  charged  metallic  point  is  mounted  ai 
distance  of  5  cm.  from  the  paper  surface.     An  influence  machine  produces 
good  impression  in  about  half  a  minute,  showing  clearly  the  cambium  ric 
and    medullary  ra>'S  of  the  wood.      What   happens    is  that   the   paper 
negatively  charged,  and  the  narrow  layer  of  air  between  it  and  the  wood 
filled  with   photographically  active  glow-light,   which    varies    in    intens 
according  to  the  nature  of  the  woody  substance.    The  electrophotograph  tl 
obtained  is  not  necessarily  similar  to  an  ordinary  photograph,  since  the  lij 
^nd  shade  docs  not  depend  upon  the  optical  character,  but  upon  the  ph,vsi 
or  cAem/caJ  structure  of  the  surface.     Thus  the  med\inary  tiaiy^  Oi  oik  co 
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owl  bright,  those  of  beech  dark,  though  optically  they  are  both  bright.  The 
reason  is  that  the  medullary  rays  of  oak  contain  much  starch,  those  of  beech 
bat  little.  E.  E.  F. 

bl^  Action  of  Coloured  Light  on  Silkworms.  C.  Flammarion.  (Comptes 
Rendus,  129.  pp.  398-401,  August  14,  ia99.)--Thc  maximum  production  of  silk 
takes  place  in  white  light,  and  the  next  in  the  purple  of  the  red  end  of  the 
spectrum,  while  there  is  minimum  production  under  the  blue  rays.  The  rays 
between  the  lines  A  and  E  are  the  most  beneficial.  Tliesc  rays  encourage 
the  production  of  female  worms,  and  also  the  fertility  of  the  latter.  Blue 
rays  produce  63  per  cent  of  males.  The  number  of  eggs  laid  by  females 
reared  in  the  **  warm  "  rays  is  double  that  laid  by  females  under  the  influence 
of  blue  Hght  E.  E.  F. 

Sa.  Polarisation  in  Twisted  Media.  A.  W.  Evrell.  (Amer.  Journ. 
Sci.  8.  pp.  89-100,  August,  1899.) — Glass  is  an  unsatisfactory  material  for 
experiments  on  the  rotatory  polarisation  of  light  in  twisted  media,  since  it 
breaks  easily  and  usually  shows  double  refraction,  so  that  observations  are 
difficult.  Agar-agar,  gum  sandarach,  gum  arabic.  Burgundy  pitch,  borax, 
glass  and  gelatine  were  carefully  tried,  but  gelatine  alone  was  found  satis- 
factory. 

Square  glass  plates  were  cemented  to  the  ends  of  moderately  heavy 
but  soft  rubber  tubes  a  few  centimetres  long,  and  12  mm.  external  diameter. 
Gelatine  was  reduced  to  a  jelly  by  adding  a  suitable  quantity  of  water,  with 
gentle  heat,  and  poured  into  these  tubes  through  a  slit  in  the  side  and 
allowed  to  cool.  One  of  these  square  glass  caps  was  placed  in  a  square 
aperture  at  one  end  of  a  rigid  frame.  Over  the  other  glass  plate  was  slipped 
a  circular  wooden  disc  with  an  opening  in  the  centre  slightly  larger  than  the 
glass  cap.  The  jelly  tubes  were  twisted  by  turning  this  wooden  disc  in  the 
frame. 

The  observations  with  jelly,  corroborated  by  a  few  experiments  with 
g2as:^,  demonstrate  that  tension  produces  rotatory  polarisation,  the  rotation 
of  the  plane  being  opposite  to  the  twist,  and  a  function  of  the  twist  of  a 
degree  higher  than  the  first.  E.  E.  F. 

53.  Achromatic  Polarisation  and  Differential  Double  Refraction.  D.  B. 
Brace.  fPhU.  Mag.  48.  pp.  345-360,  October,  1899.)— If  a  ray  of  light 
polarised  at  45^  to  the  principal  axes  of  a  crystalline  plate  pass  normally 
through  it,  the  relative  retardation  of  the  components  will  be  proportional 
to  the  thickness  and  to  the  difference  in  the  refractive  indices.  In  most 
cr>'>tals  the  differential  double  refraction  in  tiie  visible  spectrum  is  normal, 
and  the  relative  retardation  increases  with  the  frequency,  depending  on  the 
crystal.  By  crossing  several  such  plates  the  difference  in  the  resultant 
retardation  for  adjacent  parts  of  the  spectrum  might  be  made  a  minimum. 

The  object  of  this  investigation  was  to  determine  whether  such  minima 
czi>ted    and   what    orders    would  give   the  best    results.     Of  the   crystals 
examined,   namely,   Iceland  spar,  quartz,   selenite   mica,   and  aragonite,  all 
were  found  to  give  more  or  less  perfect  achromatism  through  the  greater 
part  of  the  visible  spectrum.     The  results  are  given  of  the  comparisons  of 
right-  and  left-handed  quartz  (the  differential  double  refraction  being  l\\vi 
bxmc  whether  the  quartz  be  right-  or  left-handed),  of  selenite  and  leit-handed 
quvta,  of  rnksi  aad left-handed  quartz,  of  mica  and  selenite,  of  Iceland  spar 
r.  .-^^  ^„^^  ^^  ^^  aragonite  and    Jeft-haudcd.  quartz.      Vor 
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example,  the  ratio  of  the  orders  of  mica  to  selenite  was  found  to  be  8:7, 
and  of  mica  to  quartz  9:8.  The  results  of  the  observations  show  that,  with 
the  more  available  crystals,  achromatism  cannot  be  obtained  over  the  entire 
visible  spectrum,  but  that  certain  pairs  of  crystals  will  achromatise  more 
perfectly  than  others.  Thus  better  coincidences  were  obtained  with  selenite 
and  mica  than  with  quartz  and  mica.  These  two  pairs  are  particularly 
suitable  over  the  others  in  making  compound  retardation  plates,  such  as 
achromatic  quarter-wave  plates,  and  the  orders  used  are  comparatively  low. 

J.  J.  S. 

64.  Spectra  of  Krypton.  C.  Runge.  (Astro-Phys.  Journ.  10.  pp.  7S-79, 
August,  1899.) — Spectroscopically  krypton  bears  a  close  analogy  to  argon. 
Like  argon  it  emits  two  different  line  spectra,  one  with  Leyden  jar  and 
spark-gap  in  the  secondary  circuit  of  an  induction  coil,  the  other  without 
Leyden  jar  and  spark-gap.  As  in  the  case  of  argon  this  latter  spectrum 
consists  on  the  whole  of  less  refrangible  lines,  and  if  it  were  possible  to  fill  a 
vacuum  tube  with  pure  krypton,  the  colour  of  the  tube  would  probably 
change  from  yellow  to  blue,  when  the  Leyden  jar  and  the  spark-gap  are 
interposed.  But  there  seem  to  be  no  means  as  yet  of  getting  rid  of  the 
admixture  of  argon. 

The  author  describes  an  unexplained  explosion  which  takes  place  when 
the  oxygen  is  removed  from  liquid  air,  and  the  remaining  nitrogen  is  sparked. 
Certain  carbon  bands  which  remain  are  identical  with  those  attributed  to 
"  metargon."  These  bands  resist  even  sparking  into  oxygen  over  a  solution 
of  potash.  With  low  pressure  the  carbon  bands  are  greatly  reduced  in 
intensity.  The  krypton  lines  are  also  weakened,  and  the  lines  of  the  blue 
spech*um  of  argon  make  their  appearance.  With  a  Leyden  jar  and  a  spark- 
gap  the  spectrum  of  krypton  changes  as  well  as  the  spectrum  of  argon.  The 
new  lines  are  mostly  in  the  blue  part  of  the  spectrum.  The  author  gives 
a  Hit  of  47  krypton  lines  without  a  jar  and  a  spark-gap.  The  strongest 
are  at  4319-76,  '445407,  446882,  and  4602-48  A.U.  To  select  the  lines  due  to 
krypton  he  compared  the  photographs  with  photographs  taken  some  years 
ago  by  Paschen  and  himself  of  the  spectrum  of  argon.  On  each  of  the  two 
plates  to  be  compared  he  removed  the  gelatine  on  one  side  of  a  straight 
line,  cutting  the  lines  of  the  spectrum  at  right  angles.  The  plates  were  then 
laid  together  in  such  a  manner  that  the  parts  where  the  emulsion  was  left 
were  in  contact  along  the  cut,  but  on  different  sides.  In  this  way  the  plates 
can  be  examined  under  the  microscope  and  the  lines  that  exist  only  on  one 
of  the  plates  are  detected.    None  of  the  lines  were  measured  visually. 

E.  E.  F 

55.  Spat  rum  of  Radium.  E.  Deinar9ay.  (Comptes  Rendus,  129.  pp 
716-717,  November  6,  1899.) — An  account  of  the  photographic  spectrun 
of  radium  obtiiincd  from  specimens  of  barium  chloride  containing  radiuno 
The  wave-lengths  of  fifteen  of  the  strongest  of  the  new  rays  are  given 
many  of  them  are  as  strong  as  the  strongest  of  those  of  barium.  All  th 
lines  are  narrow  and  sharply  defined,  and  resemble  those  of  barium. 

J.J.J 

^^.  Tifanium  for  Comparison  spectra,    E.  B.  FrOst.    (Astro-Phys.  Jour 
^O  pp.  207-208,  October,  1899.}-The  spark  spectrum  of  titanium  shows 
^^ff  ^'''^^^^^^  ^^ry  sh^p  lines,  very  uniformly  distributed  throughout  tl 
^rum  from  \  4200  to  X  5000,  and  free  from  air  Uncs.     The  ^pwV  ^.^ 
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much  more  steadily  between  titanium  electrodes  than  in  the  case  of  iron, 
and  considerably  shorter  exposures  are  required — less  than  ten  seconds  as 
the  apparatus  is  usually  arranged.  The  consumption  of  the  element  is  very 
slight,  and  it  is  only  necessary  to  occasionally  brighten  up  the  points  of  the 
electrodes.  Titanium  is,  therefore,  very  useful  for  comparison  spectra, 
especially  in  astronomical  work.  E.  E.  F. 

• 

67.  Diffraction  oj  Rontgen  Rays.  C.  H.  Wind.  (Wied.  Ann.  68.  4. 
pp.  896-901,  August,  1899.)— In  further  discussion  of  the  interpretation  of 
Fomm's  experiment  (see  1899,  Abstract  No.  1871),  the  author  denies  that  it 
follows,  from  the  low  wave-lengths  obtained  that  the  rays  are  really  some 
3,000  times  shorter  than  those  of  3'ellow  light.  Diffraction  images  like  those 
obtained  can  also  be  produced  by  proper  vibrations  of  any  frequency,  even 
that  of  ordinary  light,  if  only  these  vibrations  experience  quite  irregular 
changes  of  phase,  with  intervals  between  them  corresponding  to  the 
frequencies  resulting  from  the  diffraction  phenomena.  They  may  also  be 
produced  by  any  very  irregular  process  within  the  source,  provided  the 
radiation  emitted  by  any  point  leads,  for  any  larger  interval  from  zero  time 
to  the  time  2T,  to  a  series  like 

H=in/ 


tSv^"^^"^  H-B«cos^j 


where  the  coefficients  A«  and  B„  are  of  the  same  order  of  magnitude  over 
the  whole  range  of  wave-lengths  in  question,  and  only  decrease  to  any 
considerable  extent  outside  that  range.  E.  E.  F. 

68-  Glass  and  Rontgen  Rays.  O.  Schott.  (Zeitschr.  Instrumentenk., 
Beib.  18.  pp.  111-118,  July  1,  1899.) — Glass  containing  soda  (natron)  10  per 
cent,  boracic  acid  80,  alumina  20,  arsenic  acid  0*4,  and  silicic  acid  89*6  per 
cent,  is  exceedingly  transparent  to  Rontgen  rays.  Platinum  wire  put 
through  glass  makes  a  tight  joint  if  the  exceedingly  fine  rift  produced  by 
inequalities  in  the  expansion  be  filled  by  heavy  mineral  oil  drawn  in  by 
capillary  imbibition,  so  long  as  the  rift  is  caused  by  the  glass  having  a  smaller 
coefficient  of  expansion  than  the  glass.  A.  D. 

69.  Diffusion  of  Ions  into  Gases.  J.  S.  To'wnsend.  (Roy.  Soc,  Proc. 
65.  pp.  192-196,  July,  1899.) — Loss  of  conductivity  by  Rontgenised  gas  left  to 
itself  is  due  partly  to  recombination  of  positive  and  negative  ions,  partly  to 
discharge  of  charged  ions  by  the  walls  of  the  vessel.  Consider  the  ions 
as  being  equivalent  to  a  separate  gas.  The  charged  ions  diffusing  to  the 
f metallic)  walls  of  the  vessel  may  be  regarded  as  absorbed  by  them,  as 
moisture  is  when  a  gas  bubbles  through  sulphuric  acid.  If  the  Rontgenised 
gas  be  passed  through  metallic  tubing  this  action  at  the  bounding  surface  is 
^eat  in  comparison  with  the  effect  of  recombination.  The  problem  thus 
becomes,  in  order  to  obtain  the  coefficient  of  diffusion,  to  find,  if  a  small 
quantity  of  gas  A  is  mixed  with  another  gas  B,  and  the  mixture  passed  along 
a  tube  the  sides  of  which  completely  absorb  A,  what  quantity  of  gas  A 
emerges  from  the  tube  along  with  B.  The  result  is  :  if  ife  be  the  coeffvcktvt 
erf  di£Fusion  of  the  ions  into  the  gas  B ;  a  the  radius  of  the  tube  and  z  \\% 
length/  V  the  mean  velocity  of  the  gas  {i.e.,  total  volume  flowiug  \u  Wmc 
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/=ira*V/) ;  that  the  ratio  of  the  number  of  ions  emerging  from  the  tube  to 
those  entering  it  is — 

ymSte  44-5ib 

R=4|o-1952€"  2af  -|-0*0248€"  ^^  +&c.| 

the  terms  of  the  series  beyond  the  second  being  too  small  to  be  taken  into 
consideration.  The  coefficients  of  diffusion  of  ions  differ  from  gas  to  gas, 
and  are  not  the  same  in  moist  and  dry  gases.  For  dry  air  they  are  0*0274  for 
positive  ions  and  0*042  for  negative ;  for  moist  air  0'082  positive,  0*086 
negative.  For  oxygen,  dry,  0025  positive,  0*0896  negative  ;  moist,  0*0288 
positive,  0*0868  negative.  For  carbonic  acid,  dry,  0*028  positive,  0*026  negative ; 
moist,  0*0245  positive,  0*0266  negative.  For  hydrogen,  dry,  0*128  positive, 
0*190  negative  ;  moist,  0*128  positive,  0*142  negative. 
One  of  the  equations  of  motion — 

where  f  is  the  pressure  of  the  ions,  c  the  charge  on  each  ion,  u  the  velocity  of 

the  ions  under  electric  force  X,  and  n  the  number  of  ions  per  cub.  cm.,  gives 

when  we  take  n  and  ^  as  N  and  P  (=10*)  at  atmospheric  pressure  and  the 

potential  gradient  1  volt  per  cm.  (i,e,^  X=:^  in  c.g.s.  measure),  and  take 

dpldx=0,  the  result  that— 

Ne=8**10««/Jfe. 

This  gives  the  following  value  of  N^  for  dry  gases  :  air,  1*85  x  10*®  ;  oxygen, 
1-26 X 10";  carbonic  acid,  1*80 xlO*®;  hydrogen,  lOOxlO*®.  These  figures 
are  in  accord  with  electrolytic  results  :  the  conclusion  is  that  the  charges  on 
the  ions  produced  by  Rontgen  rays  in  air,  oxygen,  carbonic  acid,  and 
hydrogen  are  all  the  same,  and  are  equal  to  the  charge  on  the  hydrogen 
ion  in  a  liquid  electrolyte.  Taking  J.  J.  Thomson's  value  (6x10-*°)  for  the 
charge  on  the  ion  in  Rontgenised  hydrogen  or  oxygen,  we  have  2x10** 
molecules  in  a  cub.  cm.  of  a  gas,  and  the  weight  of  a  molecule  of  hydrogen 
equal  to  4*6  x  10~**  gramme.  In  order  to  show  that  the  charge  on  the  positive 
ion  is  equal  to  the  charge  on  the  negative  ion,  the  ratio  of  the  coefficients  of 
diffusion  must  be  shown  to  be  equal  to  the  ratio  of  liie  velocities.  In  spite 
of  some  results  to  the  contrary,  this  seems  probable,  the  results  in  question 
being  possibly  affected  by  moisture.  A.  D* 

60.  Influence  of  Becquerel  Rays  upon  Spark-gaps.  J,  Elster  and  H* 
Geitel.  (Wied.  Ann.  69.  3.  pp.  678-676,  November,  1899.)— Proceeding  from 
the  known  influence  of  ultra-violet  light  and  of  electric  waves  upon  the  form 
of  discharge  in  a  spark-gap,  the  authors  studied  the  effect  of  the  double 
ionisation  known  to  be  due  to  the  Becquerel  rays.  A  spark-gap  1  cm.  wide, 
between  a  positive  knob  and  a  negative  disc,  was  exposed  to  a  radium  pre- 
paration. The  sparks  or  brushes  of  the  discharge  were  immediately  converted 
into  a  glow  discharge,  a  violet  glow  surrounding  the  knob.  The  former 
discharge  form  was  re-established  on  intercepting  the  Becquerel  rays  by 
means  of  a  plate  of  lead.  When  the  disc  was  made  of  semi-conducting  card- 
board instead  of  metal  the  gap  became  so  sensitive  that  the  radium  preparation 
affected  the  discharge  at  a  distance  of  over  a  metre.  Unlike  the  case  of  short- 
wave light,  it  is  indifferent  whether  the  electrodes  be  polished  or  amalgamated 
€?r  not,  but  in  both  cases  it  is  found  that  negative  brushes  cannot  be  extin- 
^tiisbed.  Rontgen  rays,  like  intermxiieni  ultra-violet  light,  produce  no  effect 
^robBbly  Giving  to  their  intermittence,  IE..  E.  F 
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6L  Magri'jlic  Deflection  of  Becquerel  Rays.  F.  Giesel.  (Wicd.  Ann.  69.  4. 
pp.  884-886,  December,  1899.) — ^The  author  has  succeeded  in  producing  some 
striking  negatives  showing  the  deflection  of  Becquerel  rays  in  a  magnetic 
taeld.  He  took  flat  pole-pieces  and  laid  a  sensitive  plate  upon  them,  film 
downwards.  He  placed  a  fresh  and  very  active  polonium  preparation  below 
the  hlxn  and  in  contact  with  it.  On  development,  the  blackening  was  found 
to  be  concentrated  just  in  contact  with  the  substance  and  along  a  zone  on 
one  side  of  the  line  joining  the  poles.  The  exposure  was  about  hve  minutes. 
Betw^een  the  black  patch  and  the  black  zone  there  were  a  number  of  dark 
traces  resembling  wavy  hair  attached  to  the  central  patch  as  a  head  and 
eartending  into  the  dark  zone.  These  traces  are  very  difficult  to  account  for. 
The\'  somewhat  resemble  the  ramifications  seen  in  some  Lichtenberg  figures. 
Tlie  same  efiFects  are  obtained  with  radium  preparations,  though  not  in  the 
same  strength  as  in  the  case  of  polonium.  The  magnetic  deflection  of 
Becquerel  rays  must  now  be  considered  as  proved.  Elster  and  Geitel's 
negative  result  was  obtained  with  a  vacuum,  and  not  in  the  open  air. 

E.  E.  F. 

62.  RadioacUviiy  from  Becquerel  Rays.  P.  Curie  and  Mme.  M.  P. 
Curie  (Comptes  Rendus,  129.  pp.  714-716,  November  6,  1899.)--The 
authors  iiiid  that  the  rays  emitted  by  strongly  radioactive  substances  (such 
as  poloninm  and  radium)  when  they  act  on  inactive  substances  arc  able  to 
communicate  radioactivity  to  them,  and  that  this  induced  radioactivity 
persists  for  a  considerable  time.  The  radioactive  matter  is  placed  in  the 
form  of  powder  on  a  horizontal  plate,  and  above  this,  at  the  distance  of  a 
few  fniUimetres,  the  plate  experimented  upon  is  fixed.  After  exposure  the 
radioactivity  of  the  upper  plate  is  determined  by  the  conductivity  which  it 
communicates  to  air.  The  acquired  radioactivity  increases  with  the  time 
of  exposure,  but  seems  to  tend  towards  a  limit.  It  is  retained  by  the  substance 
for  many  days,  but  gradually  disappears.  To  produce  the  effects  it  is  necessary 
to  use  strongly  radioactive  substances.  Those  employed  were  from  5,000  to 
'^,000  times  more  active  than  uranium,  and  the  induced  activities  observed 
immediately  after  the  exposure  then  varied  from  1  to  60  times  that  of 
uranium.  These  activities  were  reduced  to  the  tenth  of  their  original  value 
two  or  three  hours  after  the  removal  of  the  influence.  In  the  various  sub- 
stances examined  (such  as  zinc,  aluminium,  lead,  paper,  &c.)  no  differences 
:n  the  order  of  magnitude  of  the  induced  radioactivities  were  observed,  all 
the  ^ubstances  behaved  in  a  similar  way. 

The  effects  seem  not  to  be  due  to  traces  of  radioactive  matter  carried 
under  the  form  of  vapour  or  dust  on  to  the  exposed  plate,  but  an  induced 
radioacttvity  appears  to  exist,  which  is  a  sort  of  secondary  radiation  due  to 
the  ravs  of  Becquerel.  J.  J.  S. 

63.  Alomic  Weight  of  the  Metal  in  Radioactive  Chloride  of  Barium.  Mme.  S. 
Curie.  (Comptes  Rendus.  129.  pp.  760-762,  November  is,  1899.)— The  salts 
*n  barium  directly  extracted  from  uranium  minerals  arc  distinguished  from 
the  barium  salts  obtained  from  other  minerals  by  their  radioactivity. 
Examined  by  the  spectroscope  they  give  the  rays  of  barium,  and  the  atomic 
weight  of  barium  is  found  for  the  metal.  By  suitable  methods  of  fractionating 
The  radioacti\-it\*  may  be  concentrated  so  as  to  obtain  products  more  and 
more  active.  On  examining  these  products  M.  Demar^ay  has  found  IVvc 
appearance  of  a,  new  spectrum  which  in  the  last  products  attains  the  same 
«toi«rr  a5  thju  of  barium.     The  author  has  determined  the  atomic  weight  oi 
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the  metal  in  these  successive  products  and  finds  that  it  is  greater  in  the  case 
of  radioactive  barium  than  in  that  of  ordinary  barium,  and  that  this  difference 
increases  with  the  activity  of  the  product.  The  experiments  along  with  those 
of  Demargay  seem  to  show  the  actual  existence  of  the  hypothetical  element 
radium  possessing  a  higher  atomic  weight  than  that  of  barium.  J-  J-  S. 

64.  Diffraction  of  Ronigen  Rays,  C.  H.  Wind.  (Wied.  Ann.  69.  1. 
p.  827,  September,  1899.) — The  equations  in  the  last  paper  on  the  subject  (see 
1900,  Abstract  No.  67)  are  corrected  in  one  place.  The  correction  does  not, 
however,  influence  the  main  conclusion.  E.  E.  F. 

66.  Thorium  Radiation,  R.  B.  Owens.  (Phil.  Mag.  48.  pp.  860-387, 
October,  1899.) — An  account  is  given  of  an  investigation  of  the  nature  of  the 
radiation  given  off  by  thorium.  The  methods  used  are  similar  to  those 
employed  by  Rutherford  in  his  experiments  on  uranium  radiation.  (See  1899, 
Abstract  No.  1001.)  Thorium  radiation  resembles  in  its  behaviour  that  given 
off  by  uranium,  but  there  are  indications  that  thorium  radiation  is  not  con- 
fined to  so  few  distinct  types,  if  indeed  the  number  is  limited.  If  Rontgen 
rays  and  the  radiations  from  uranium,  &c.,  are  disturbances  in  the  ether 
occasioned  by  the  internal  motion  of  certain  constituent  parts  of  the  atom,  as 
has  been  suggested,  it  might  be  expected  that  such  disturbances  would  shade 
off  with  some  degree  of  regularity  from  a  more  intense  to  a  less  intense  kind, 
and  such  seems  to  be  the  case  with  thorium. 

The  principal  points  treated  in  the  paper  are  :  (1)  Conditions  affecting  the 
constancy  of  the  radiation.  (2)  The  relation  between  current  and  electro- 
motive force.  (8)  Comparison  of  radiations  from  different  salts.  (4)  T)rpes  of 
radiation.  (5)  Selective  absorption.  (6)  Effect  of  suspended  particles  in  the 
path  of  the  conduction-current.  (7)  Variation  of  conduction-current  with 
pressure  of  gas.  (8)  Absorption  of  radiations  in  air.  The  thorium  salts  used 
were  the  oxide,  sulphate,  and  nitrate.  J.  J.  S. 

66.  Phosphorescence  at  Low  Temperatures,  C.  C.  Trov^bridge.  (Science, 
10.  pp.  246-249,  August  26,  1899.) — Many  of  the  experiments  described  arc 
the  same  as  those  of  A.  and  L.  Lumiere  (see  1899,  Abstract  No.  661).  The 
author  arrives  at  some  general  conclusions  : — 

A.  That  the  reduction  of  the  temperature  of  a  phosphorescing  substance 
is  accompanied  by  a  corresponding  decrease  in  the  phosphorescent  discharge 

B.  That  very  low  temperatures  cause  phosphorescence  to  linger  lonf 
enough  to  be  readily  observed  in  a  number  of  substances  that  are  not  visibly 
phosphorescent  at  normal  and  high  temperatures. 

C.  That  the  production  of  phosphorescence  in  a  phosphorescent  substana 
is  less  when  excitation  occurs  at  low  temperatures  than  when  it  takes  plaa 
at  high  temperatures,  other  conditions  being  the  same. 

A  number  of  common  substances  show  marked  phosphorescence  whei 
reduced  to  the  temperature  of  liquid  air  and  then  exposed  to  strong  light 
besides  ivory  and  paper  there  are  gum  arabic,  cotton- wool,  starch,  white  glw 
celluloid,  and  kid-skin.  E.  E.  F 

REFERENCE. 

67.  }^cw  Speculum  Metals.  L.  Mach  and  V.  Schumann.  (Akad.  Wist 
Wjen,,  S.  her.  108.  pp.  185-162, 1899.) — Full  discussion  of  the  preparation  and  optic 

advantages  of  a  series  of  alloys  of  magnesium  and  aluminium  in  atomic  proportion 

A.] 
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eS,  The  Energy  Theory,  J.  E.  Trevor.  (Journ.  Phys.  Chem.  8.  pp. 
339-348,  June.  1899.) — The  author  defines  *'  work  equivalents,"  e.g.,  increase 
•»  kinetic  energy  in  a  given  mass,  increase  of  temperature  in  a  substance 
nieasured  by  the  quantity  of  work  which  would  have  to  be  expended  to 
produce  the  change,  and  so  on.  Then  the  algebraic  sum  of  all  the  work  and 
work  equix-alents  added  to  any  given  system  of  bodies  during  any  change  of 
the  s\^teni  is  the  change  of  a  definite  function  of  the  variables  defining  the 
-late  oi  the  sx-stem,  and  that  function  is  defined  to  be  the  energy. 

The  equ^ition  of  energy  in  its  differential  form  is — 

m  which  every  </'\V  denotes  work,  and  every  d^K  work  equivalent,  and  it  is 
important  to  distinguish  between  them.  The  notation  d'  is  used  to  denote 
that  the  quantity  to  which  it  is  prefixed  is  not  a  function  of  the  state  variables. 

Potential  is  then  defined.  For  instance,  work  spent  in  transferring  a 
quantity  of  heat  in  the  ordinary  thermodynamic  system  from  a  lower  to  a 
higher  temperature  is  an  increase  of  potential. 

The  present  paper  is  mainly  occupied  with  a  generalisation  of  the  Carnot 
cycle.     A  continuation  is  promised.  S.  H.  B. 

69.  Theorems  of  Robin  and  of  Moutier,     P.  Saurel.     (Journ.  Phys.  Chem. 

.*«.  pp.  548-r>50,  November,  1899.)— The  author  gives  an  expression  for  any 

\-rrtual  change  in  a  sx'stem  containing  n  components  in   r  phases,  which 

rt.-< lilts  in — 

\=\dp^\ldT, 


m   which  p  denotes   pressure,  V  volume,  T  absolute  temperature,  and  H 
ttntropy.  and  f  is  the  total  thermodynamic  potential. 

I>caling  with  a  univariant  system,  he  points  out  that  it  admits  of  a  con- 
tinuous series  of  states  of  equilibrium,  all  having  the  same  values  of  0,  but 
:q  which  V  and  H  are  different.  It  follows  from  the  above  equation  that  for 
.iny  \irtual  change  with  constant  T,  if  V  increases  ^  diminishes  and  vice 
"rr<u.  This  is  Robin's  theorem.  For  any  virtual  change  with  constant  />,  if 
H  increases  f  diminishes  and  vice  versa.  This  is  Moutier's  theorem.  Finally 
..*:  deduce^  the  formula  of  Clapeyron  and  Clausius.  S.  H.  B. 

70.  Heat  of  Fusion  of  Xaphthylamine  and  Diphenylamine.  J.  M.  Stillmann 
and  R.  E.  S^xrain.  (Zeitschr.  Phys.  Chem.  29.  pp.  705-710,  September  16, 
1><»9.» — The  following  results  are  obtained  : — 

EHphenylamine.    Specific  heat,  liquid  =    0*4712 

„       solid    =    0-405a 
Heat  of  fusion  =  2897 
Xaphthvlaniine.     Specific  heat,  liquid  =    0*4105 

„      solid    =    0*3747 
Heat  of  fusion  =  25*59 
The  molecular  depressions  of   the  freezing-point,  calculated  by  means  of 
vin't  HoflTs  formula  from  these  figures,  are  :    Diphenylamine    88*8,  naph- 
thylamine  81*2,  the  results  of  freezing-point  determinations  being  88  and  78 
respectively.    The  great  discrepancy  which  iormGvly  existed  was  thereiote 
due  to  the  wsiCCiiTSkcy  of  BatteUJ's  determinations  of  the  latent  heats  oi  iusvoiv. 
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71.  Thermal  Coefficients.  J.  E.  Trevor.  (Journ.  Phys.  Chem.  8.  pp. 
623-547,  November,  1899.) — In  the  thermodynamic  system  we  have  usually 
four  variables  dealt  with,  namely,  p  the  pressure,  v  the  volume,  9  the 
absolute  temperature,  and  7}  the  entropy,  of  which  only  two  are  independent, 
and  any  two  may  be  taken  as  independent.  This  gives  rise  to  four  equations 
of  the  form/(;r,  v,  e)=0,  in  which  x,  r,  z  may  stand  for  any  three  of  the  foiw, 
and  the  form  of  /  depends  on  the  three  chosen. 

Four  fundamental  functions  are  dealt  with,  namely,  E  the  energy,  which, 
using  V  and  ly  for  independent  variables,  gives  rise  to — 

(iE=—pdv-\-ecirj ; 

F  the  free  cnergy=E — 9q  ; 

G  the  heat  function=E+/>2' ; 

H  the  entropy  function =E4"/*^--^»/. 

The  author  deduces — 

ed,l=Bf^clv-\'Cr,d9 

=AQdp-\'C^de 

in  which  the  coefficients  A,  B,  C,  are  to  be  determined.  This  form  the  author 
recommends  as  having  marked  advantage  over  that  commonly  employed. 
He  determines  these  coefficients  in  terms  of  E,  F,  G,  H,  and  their  differential 
coefficients  with  regard  to  />,  ?•,  0,  »;,  giving  rise  to  22  equations,  including 
six  known  forms. 

Finally  he  gives  three  dynamical  equations — 

•^pd7>=zl^dp-\-Ky^df, 

^lQdp-\-],d9 
=]^d9^K^dv. 

and  these  coefficients,  I,  J,  K,  also  can  be  expressed  in  terms  of  the  funda- 
mcntiil  functions  and  their  derivatives. 

dn 
The  result  is  that  all  the  derivatives  of  the  entropy,  c,g.,  ~  (v  constant), 

dp 

^c,  can  be  expressed  in  terms  of  the  fundamental  functions  and  their 
derivatives.    The  same  is  true  of  v.    There  remain  to  be  added  -^  (v  constant) 

and  '/^-  (tj  constant).  S.  H.  B. 

tlH 

72.  Thcrnwdyttamics.  K.  Wesendonck.  (Wied.  Ann.  69.  4.  pp.  809-883 
December,  1899.) — Although  the  majority  of  workers  completely  admit  the 
validitv  of  the  second  law  of  thermodynamics,  some  serious  criticisms  have 
been  advanced  against  it.  The  author  discusses  several  of  the  points  at  issue, 
without,  however,  having  recourse  to  the  so-called  kinetic  theory  of  heat.  He 
points  out  that  the  main  principles  of  Clausius  are  still  valid,  and  that  his 
inequalitv  must  be  regarded  as  the  most  general  form  of  the  second  law. 

E.  E.  F. 

73.  Perfect  Radiator,  W.  E.  Wilson.  (Astro-Phys.  Journ.  10.  pp.  80-86, 
August,  1899.) — The  author  measured  the  radiation  at  various  temp)cratures 
of  an  ** Ideally  black  body"  in  the  shape  of  a  uniformly  heated  enclosure  with 

y  small  opening.     He  found  Stefan's  law  of  radiation,  R=aT*,  very  closely 

"  d.    An  estimate  of  the  sun's  effective  temperature,  based  upon  this  law, 

^  at  11,800°.  E.  E.  F. 
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74.  Solid  Carbonic  Acid,  H.  du  Bois  and  A.  P.  Wills.  (Deutsch.  Phys. 
Gcsell.,  Verh.  1.  pp.  168-169,  June  80, 1899.)— Since  the  triple  point  of  carbonic 
acid  lies  at  — 57®  and  at  a  pressure  of  over  6  atmospheres,  the  vapour-pressure 
curve  under  less  than  the  atmosphere  can  only  be  that  of  the  solid  snow.  The 
authors  have  studied  this  curve,  and  found  considerable  deviations  from 
Faraday's  approximate  figures.  The  following  temperatures  were  obtained 
at  various  pressures  (in  mm.  of  mercury) : — 

P 5      40      110 226 

« —124°     —112°     —102°     —95° 

P 510      638      760      885 

9 85°     -81-5°    -79-2°    —77° 

The  coefiEcient  dP/dO  is  about  half  that  of  boiling  oxygen,  and  double  that 
of  boiling  water.  As  regards  the  practical  applications  of  carbonic  acid  snow, 
it  appears  that  by  exhaustion  to  5  mm.  a  temperature  as  low  as  — 125°  can  be 
produced.  Much  lower  temperatures  can  probably  be  attained  by  further 
exhaustion.  The  resistance  of  a  bismuth  spiral  at  — 180°  is  230  times  its  value 
at  (f  outside  a  magnetic  field.  E.  E.  F. 

75.  Influence  of  Molecular  Volume  on  Gaseous  Viscosity.  G.  J^ger.  (Akad. 
Wiss.  Wien.,  S.ber.  108.  pp.  447-455,  1899.) — In  previous  papers  the  author 
has  obtained  for  gases  the  formulae — 

/»r=  RT{  14-4)8(1+ J/3+...)  I- 
X=Xo/(l+fi3+  .  .  .), 

where  X  denotes  the  mean  free  path  and  p=blv  is  the  ratio  of  the  molecular 
and  specific  volumes  :  these  give  for  the  viscosity — 

where  i;^  is  the  viscosity  for  small  densities.  Thus  for  moderate  densities  the 
the  riscosity  is  »?^(l-f-fi3),  but  for  the  liquid  state  it  approximates  to  4i/^ 
[i>l+J/i-f-  .  .  .  becomes  large  when  v  =  b]. 

The  molecular  forces  arc  further  assumed  to  affect  this  formula  by  a  factor 
1+Ay,  where  v  is  the  proportion  of  the  molecules  that  have  combined  together, 
which  with  van  der  Waals'  formula  is  approximately  represented  by — 

2^/7;RT  [=27/3T,/4T]  : 
thus — 

The  velocity  of  a  colliding  molecule  is  then  considered,  as  to  whether  it  is 
determined  by  the  layer  in  which  the  molecule's  centre  was,  or  by  that  in 
which  its  point  of  collision  was,  at  the  previous  encounter  ;  and  it  is  concluded 
that  in  the  usual  formula  for  the  viscosity  X  should  be  increased  to  the  ratio 
5:4,  so  that — 

i7<,=jVpcX, 

where  c  is  the  velocity  of  mean  square.  R.  E.  B. 

76.  Specific  Heat  of  Nou-clectrolytic  Solutions,  W.  F.  Magie.  (Phys. 
Rev.  9.  pp.  65-85,  August,  1899.)— By  an  approximate  consideration  of  a 
simple  cycle  the  author  shows  that  (a)  the  osmotic  pressure  of  a  solution  is 
equal  to  its  latent  heat  of  expansion,  and  (6)  the  specific  heats  of  the  solvent 
and  of  the  solute  in  a  solution  are  constant  at  all  concentrations,  if  (i.)  the 


^  ^3f  t-s=:t  IT  :rc  -tnmrw  i  ji  ^laj  moi » the  absolute 

■=^  i^r:  ici  .  ^leniinksc  ^  ^r^rj^-irn*  iL  "±i*  ^CKcific  heats  of 
-  - — =11-  -r^  -^v's^nrrr  -r  "Hc  iisiijisraczrs.  ir-J  the  change 
nir  "£-==  a=ii:  -u^-c=r  ziit=<=na2ir  la  zaaa^  Jt  temperature 


-^  ^  1:  iitt  ztesL  capacity  of  the 


L-2i^  T="i  aaer^Twd  by  experimental 


-i-^.:«< 


*_  .Ja 


c  -siiirrr  is=^^  3   iiz:  jcirrrm  laii  rie  corresponding 

■^   .."u  =1  T'-'T-z  --siaunri  n  saiiiar  "LiTrzaeter^  and  being 

piKsKi  linricg!!  coils  of  equal 


m  j>— ^r 


r-.-.=-  :i   •^iszsGcs'   3    "arrt*  sior.  dextrose,  glycerine, 

n^  xaitfT  isii  gfycerJae  in  aniline,  and 
r:  rjcciiEscii    ?  as  arpficable  to  their 


r-    z=   -^.'.z=-*ir-  .1   -n—-  luCJC'Ji  :n.  Ttaaer  lad  ct  glycerine  in  ethyl 

.  -^  — -=  iirtrrnz.-      >  rir±t=-  irrr^irs  rsac  ±e  apparrat  molecular 

r  ^--  rr_— i:t:  n  irzii=e  d=r^>  T-im.  "^-^  :t  ityosrjae  in  water  in  the  ratio 

:-.  izii  ::t  :r~- -=-=r  --t'^^— g-  icac  :r  3ra  in  eciyl  alcohol  from  that 

':-  n  ip^i'r'-  jn  zixi  Tcc  .T  3*   IL  -wT^ji  ±e  soscific  bear  of  water  in 

iw   -rrci^r-  tj  Tt  *^:;u.  -■  i.     TTrus*  r:e  :!CL:iar  is  aoc  so  entirely  indepen- 

T  — r  -^^r-^rrr  -::ic  c-  irrf-^  :5-  injuf-*^^  rr  r*e  '^oiTent.  R  E.  B. 


r^.^    -   yt£:u.-^.\.j  IJi*."  :"^-^--or.    K.  Tsamta.    (Phil.  Mag. 
>:rri*^i>r    ItW.  — CLJ-2S.2S  f-c=d  that  this  quantity  at 
>  i  rcatr".-^  jtci-  i^chcc^  for  carbon  disulphide. 


._-  >  r:  r-c-jiu-.ujuT-o;.  .-u.-r-T.T-ni  i2C  jc:;c:ce  -  =>  aegaave.    The  quantity  in 
-  ie>c  :i:.  I    >  -Kit--  :i-r^'  z~-jci  nc  'j*'*'"^' '»'-r— »"— ^-  tormula — 


H=C^ 


-.     ^xvT-c  Va:  .c  r^  j^:i>i  ursi-er  cor.<anr  pressure.     The  author  shows 

J .-^^^   i^<-. — ^  >n  ;<  'usnrwd.  Ni:  thju — from  the  measurements  of 

V.  "^--    — .-    V'c---   jlt-nI   Rirtelh — che  valiur  of   Jr  ^iT  is  a  much  larger 
"'Vi-vi-     -jjLnnrv-  :hi.-  d^ULJias   >uppa><xi.  and   hence  the  value  of  A  at 

..^ri, --<  Srru-ixn ^^  aad  -*-^  i>  prohaNy  negative.     From  Ramsay 

a::,:  \\**:Lr.5:>  r:!ejisuremenr>  the  author  dnds— 

R.  A,  L. 

"^    <*:•:.    HcJi  i»'  (;.7,«^     A.  Leduc.    (.\nnal.  Chim.    Phvs.   17.   pp. 

♦S4  .'»io  Vucast.  leW.^^— The  author  discusses  the  two  specific  heats  of  a  gas  in 

vV'iKvrou\^th  the  mechanical  equivalent  of  heat  Ovnng  to  the  uncertainty 

^i  t*io  villa  u-aiUble  it  is  diflficult  to  formulate  general  laws,  but  the  following 

i  vxv  principles  can  be  ven-  satisfactorily  demonstrated  :- 

1.   The  molecular  capacity  for  heat  at  constant  volume  is  the  same  for  gases 
ot  the  same  \-alency  taken  in  corresponding  states. 
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3.  This  capacity  for  heat  is  proportional  to  the  number  of  atoms  contained 
m  the  molecole. 

The  conception  of  corresponding  states  is  likely  to  throw  further  light  on 
the  specific  heats  of  gases. 

The  ratio  y  decreases  with  rising  temperature  and  with  falling  pressure. 
Tbe  Telocity  of  sound  increases  by  about  0*06  per  cent,  as  the  pressure  rises 
from  1  to  2  atmospheres.  Witkowski  found  an  increase  of  7  per  cent,  between 
1  axid  190  atmospheres,  and  the  increase  between  1  and  2  atmospheres  is, 
according  to  him,  0*072  per  cent.,  or  slightly  less  than  the  above  value. 

E.  E.  F. 

79.  Constants  of  Hexamethylenc.  S.  Young  and  E.  C.  Fortey.  (Chem. 
Soa,  Joarn.  76.  and  76.  pp.  873-883,  September,  1899.)— The  authors  have 
measured  the  vapour  pressures,  specific  volumes,  and  critical  constants  of 
hexamethyiene  by  the  same  methods  as  for  isopentane  (see  1899,  Abstract 
No.  1689>.  The  liquid  was  eventually  purified  by  partially  freezing  it  in  solid 
cart)on  dioxide  and  ether  and  filtering  through  platinum  wire  gauze.  Among 
the  results  are — 

Melting-point  4*7^  Critical  temperature 2800° 

Boiling-point  (760  mm.)  80*9°                „       pressure  (mm.)...  80252 
Specific  gravity  0^/4°  ...    0*79676  „       volume  3*659 

Its  properties  appear  to  be  intermediate  between  benzene  and  normal  hexane. 
The  ratio  of  actual  to  theoretical  density  at  the  critical  point  is  low  (8*703 
against  8*77  for  the  average  of  normal  liquids).  R.  A.  L. 

80.  Critical  State.  C.  Dieterici.  (Wied.  Ann.  69. 3.  pp.  686-706,  Novem- 
ber. 1899.  J — The  author  proves  that  van  der  Waals'  original  equation  of  con- 
dition is  not  consistent  with  actual  observations  of  the  critical  volume,  not 
tvtfr;  if  the  additions  and  extensions  proposed  by  Jager,  Boltzmann,  and  van 
der  Waals  himself  are  taken  into  consideration.  But  the  theory  and  observa- 
lioas  can  be  brought  into  harmony  by  substituting  a  new  law  for  van  der 
Waals'  cohesive  pressure.  The  author  assumes  that  the  work  expended 
a^nst  cohesion  is  proportional  to  the  pressure.  But  this  assumption,  though 
conai^^tcnt  with  facts,  lacks  theoretical  explanation.  The  fundamental  concep- 
uona  of  van  der  Waals  may  also  be  introduced  into  the  formulae  of  the  kinetic 
theor>'.  Another  set  of  equations  of  condition  are  thus  obtained,  which  are 
also  quite  consi^tcnt  with  the  results  of  observation.  The  author  has  put 
rhcac  two  methods  side  by  side.  Subsequent  work  will  have  to  show  which 
ct  the  two  form<  corresponds  most  closely  to  actual  facts  observed  under 
varied  conditions.  E.  E.  F. 

81-  Properties  of  Partially  Miscible  Liquids,  R.  A.  Lehfeldt.  (Phil.  Mag. 
47.  pp.  284-296,  1899.) — The  pair  chosen  for  investigation  were  phenol  and 
m-atcr,  mixtures  of  which  are  homogeneous  in  any  proportions  below  70°  C. 
F  ur  different  arrangements  of  apparatus  were  employed,  one  of  which  is 
\try  suitable  for  indicating  differences  of  pressure  ;  and  these  all  gave  results 
m  practical  agreement.  Curves  are  drawn  showing  the  variation  of  the 
rapoor-pressure  with  the  percentage  of  phenol  in  the  mixture  at  50°,  76°,  and 
W  C,  and  a  curve  also  showing  the  variation  of  the  concentration  with  the 
temperature  under  the  pressure  of  1  atmosphere.  A  noteworthy  result  ob- 
served is  that  phenol  zdded  to  w^ter  up  to  60  or  70  per  cent,  makes  prac- 
tkaDy  do  difference  to  the  vapour-pressure  of  the  water,  so  that  witYuu  \ii\^ 
kg^nage  tbe  Msotbermsls  are  very  Hat,  ^5ee  1899,  Abstract  No.  61.)    R.E..B 
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doable  and  is  a  very  close  approximation  to  the  Kelvin  absolute  scale,  its  exact 
relationship  to  wbich  would  be  a  subject  for  future  experiment. 

The  necessity  for  adopting  a  practical  standard  is  first  shown,  and  the 
grounds  stated  for  the  selection  of  platinum  as  standard  :  the  expansion, 
calorimetric,  thermoelectric,  and  resistance-methods  of  emplo3ring  platinum 
are  then  compared  to  the  distinct  advantage  of  the  last  from  every  point  of 
view,  and  the  construction  and  standardising  of  resistance-thermometers  are 
didcussed.  A  strong  plea  for  the  employment  of  constant  pressure  instead  of 
constant  volume  in  gas- thermometers  is  then  put  forward,  and  for  the  use  of 
helium  in  place  of  hydrogen  or  nitrogen,  and  the  correction  for  expansion  of 
the  bulb  of  such  thermometers  is  discussed. 

The  following  selected  fusing-  and  boiling-points  on  the  proposed  B.A.  scale 
arc  given  : — 

Tin     F.P.  281-9  Aniline B.P.  1841 

Bismuth    ..    269-2  Naphthalene  „    218*0 


Cadmium .. 

Lead 

Zinc  

Antimony .. 
Aluminium 


320-7  Benzophenone  ...  „  305*8 

327-7  Mercury  „  356-7 

4190  Sulphur    „  444*5 

629-5  Cadmium    „  756 

664-6  Zinc „  916 


R.  E.  B. 


86.  Gas  Theniiomclcr  for  High  Temperatures.  L.  Holborn  and  A.  L.Day. 
K\mer.  Journ.  ScL  a  pp.  165-193,  September,  1899.)— Up  to  500°  C.  bulbs  of 
Jena  borosilicate  glass  No.  59"^  with  enclosed  hydrogen  prove  exceedingly 
"tatisfactory,  no  appreciable  changes  in  the  zero  point  being  shown  after 
repeated  heatings.  Porcelain  bulbs,  whether  glazed  inside  and  out  or  outside 
only,  and  whether  containing  hydrogen  or  nitrogen,  were  unsatisfactory,  as 
their  zero  point  rose  slightly  after  each  heating  and  the  expansion-coefficient 
between  0^  and  100^  often  exliibited  unaccountable  variations.  These  were 
employed  up  to  1100°.  Platin-iridium  bulbs  filled  with  chemically  pure 
nitrogen,  which  were  tested  up  to  1300°,  were  found  to  be  entirely  satisfactory 
when  heated  electrically  ;  they  showed  a  constancy  of  the  zero  point  and  of 
the  expansion-coefficient  which  was  equalled  only  by  that  of  glass  bulbs  at 
comparatively  low  temperature.^.  For  this  result  however  electrical  heating 
ir  requisite,  since,  if  combustion  products  are  present,  they  rapidly  pass 
trjoc^h  the  wall  of  the  bulb,  even  against  an  excess  of  pressure  :  this  heating 
was  effected  by  passing  an  electric  current  through  a  coil  of  nickel  wire 
wound  upon  a  thin  tube  of  porcelain  or  clay. 

For  compvarison  of  the  readings  of  the  gas  thermometers  a  platinum 
platin-rhodiuin  thermo-element  was  also  employed  in  every  experiment. 

The  paper  contains  full  details  of  the  methods  employed,  the  baths  used 
ind  the  electric  ovens  constructed.  For  the  latter  the  wire  was  wound 
I'^gkiriihraically  upon  the  tubes  and  not  uniformly,  so  as  to  prevent  variations 
<.<  temperature  within  them.  The  temperatures  given  with  a  porcelain  bulb 
^c  always  somewhat  higher  than  those  with  a  platin-iridium  bulb,  the  diffcM- 
cnce  isjnounting  to  8*5°  at  1150°.  K.  K.  B. 

S7.  Measurement  of  Extreme  Temperatures.     H.  L.  Callendar.    (Nature, 
d9L  pp.  494-497,  and  619-522,  1899.)— A  Royal  Institution  lecture  giving  a 
bi&tocy  of  pyrometric  methods,  and  a;?  ouUinaof  proposed  new  forms  of  aiv 
thermoaieCers^  tspeciuJIy  one  depending  on  measurement  of  transpiration  by 
^  ^3^U:s^U>ne's  bridge  method.  R    Al  L. 
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SOUND. 

88.  Notes  of  Highest  Pitch.  R.  Koenig.  (Wied.  Ann.  69.  3.  pp.  626-660, 
November,  and  69.  4.  pp.  721-788,  December,  1899.) — Kundt's  dust  figures 
offer  an  admirable  means  of  accurately  determining  the  pitches  of  tuning- 
forks  of  pitches  high  above  the  limits  of  audibility.  The  fork  c',  placed  at 
the  mouth  of  a  tube  with  a  length  of  some  95  semi-wave-lengths,  and  a 
diameter  of  about  one  semi- wave-length  (11  mm.)  gives  very  clearly  defined 
figures.  The  method  is  available  up  to  P  (90,000  complete  vibrations  per 
second),  a  pitch  which  is  over  an  octave  above  the  extreme  limit  of  audibility. 
The  method  of  beats  ceases  to  be  practicably  available  two  octaves  below  that 
limit.  The  author  also  studied  the  various  means  of  producing  notes  of  the 
highest  pitches.  Rods  vibrating  transversely  are  less  disturbed  by  the  method 
of  fixture  than  any  other  class  of  bodies.  The  audibility  of  their  notes  is 
about  the  same  as  that  of  tuning-fork  notes.  Longitudinally  vibrating  rods 
are  not  available  beyond  a*,  since  their  transverse  tones  then  begin  to  interfere. 
The  notes  of  vibrating  plates  are  too  feeble  for  determining  the  limit  of 
audibility,  and  arc  greatly  influenced  by  the  manner  of  fixture.  The  notes  of 
high  organ-pipes  greatly  depend  upon  the  strength  of  the  blast,  but  they  obey 
Cavaille  Coil's  law  very  closely.  They  show  further  that  the  audibility  of  a 
note  depends  largely  upon  its  duration.  Strings  and  membranes  are  quite 
unsuitable  for  producing  high  notes.  As  regards  sirens,  they  are  excellent 
for  producing  strong  notes  of  high  pitch,  but  care  must  be  taken  to  have  the 
blast  strong  enough  to  enable  it  to  traverse  the  holes  in  the  disc.  E.  E.  F. 

89.  Photography  of  Sound  Waves.  R.  W.  Wood.  (Phil.  Mag.  48.  pp 
218-227,  August,  1899.) — The  waves  are  photographed  by  a  method  based 
upon  Toepler's  "  Schlieren  "  or  striae.  A  linear  source  of  light,  ^,  is  obtainec! 
by  allowing  sparks  from  an  induction  coil  to  play  between  magnesiunt 
ribbons  pressed  between  glass  plates.    This  source  is  focusscd  upon  a  slit  s 


CARr/t 


tnuAitffAro/f    • » 


which  stands  in  front  of  a  camera  focussed  upon  the  spark-gap  aa.  Th 
waves  produced  by  the  spark  alter  the  density  of  the  air,  and  certain  densitit 
hinder  the  rays  from  passing  the  slit  There  will  therefore  be  dark  lines  o 
the  screen  corresponding  to  those  densities.  A  great  variety  of  sound  exper 
ments  may  be  made  with  this  apparatus  and  a  good  lens,  and  the  laws  < 
reflection  and  refraction  may  be  illustrated.  E.  E.  ] 
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W.  Measurement  of  Sound.  J.  Cauro.  (Journ.  de  Physique,  8.  pp. 
488-485,  September,  1899.) — To  obtain  uniform  sounds  the  author  adopts 
two  different  systems.  In  the  first  he  employs  tubes  driven  by  compressed 
air  enclosed  in  a  steel  tube  provided  with  a  double  Fournier  regulator.  It 
gives  a  remarkably  steady  sound,  but  has  the  inconvenience  of  a  movement 
ii  iniislation  of  the  air.  In  another  arrangement  he  uses  an  electrically 
driven  Mercadier  tuning-fork  acting  upon  a  resonance  box,  and  only  uses  the 
•OQQd  proceeding  from  the  box  (the  fork  being  screened).  To  measure  the 
inteiisify  of  the  sound  he  observes  the  vibrations  produced  by  it  in  a  micro- 
nppe.  A  piece  of  goldbeater's  skin  treated  with  caoutchouc  is  mounted  on 
a  small  drum.  A  very  light  disc  of  glass  is  stuck  in  the  centre.  It  carries 
aliglitglass  rod  to  the  end  of  which  is  attached  a  piece  of  perforated  tinfoil. 
A  source  of  light  is  placed  behind  the  perforation  and  observed  with  the 
micrometer-microscope.  The  motion  is  easily  measured,  and  may  be  analysed 
rtroboscopically.  A  test  with  Lisajous's  figures  shows  that  the  disc  vibrates 
in  unison  with  the  source,  and  not  in  one  of  the  harmonics.  E.  E.  F, 

W.  Vibration  of  Telephone  Diaphragms,  J.  Cauro.  (Journ.  de  Physique, 
81  pp.  485-486,  September,  1899.)— Newton's  rings  arc  used  for  studying  the 
vibiations  of  the  disc.  The  rings  arc  blurred  as  soon  as  the  telephone  is 
acting.  A  stroboscopic  analysis  restores  them,  and  their  changes  may 
be  made  as  slow  as  required.  The  phenomenon  is,  however,  too  minute 
for  studying  the  elements  of  the  sounds  or  the  relation  between  loudness  and 
current  intensit\'.  E.  E.  F. 

92.  Longitudinal  Vibrations  of  Caoutchouc  Fibres.  V.  von  Lang.  (Wied. 
Ann.  69.  4.  pp.  804-808,  December,  1899.) — Next  to  the  transverse  vibrations 
(see  1899.  Abstract  No.  1697)  the  longitudinal  vibrations  of  caoutchouc  are  of 
interest.  They  were  determined  under  various  tensions  by  comparing  the 
pitches  of  the  transverse  (;/)  and  the  longitudinal  («')  notes.  The  ratio  of 
^e>c  is  within  the  limits  chosen  independent  of  the  length.  It  may  be  repre- 
sented bv  the  formula — 


viiere  s  i^  the  load  and  \  is  the  elongatio;j  of  the  length  /,  produced  by  a 
^null  additional  weii^ht  n.  V..  K.  F. 
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ions.  He  proposes  to  try  the  experiment  of  separating  the  constituents  of 
an  ionised  vapour  by  an  ordinary  electrostatic  field.  The  present  experi- 
ments were  made  with  copper,  zinc,  brass,  carbon,  and  mercury.        E.  E.  F. 

101.  Electrostatic  Rotations.  R.  Arn6.  (Accad.  Lincei,  Atti,  8.  pp. 
167-168,  September  17,  1899.) — A  horizontal  metallic  plate  is  divided  into 
three  equal  sectors,  each  of  which  is  placed  in  connection  with  one  terminal 
of  a  three-phase  circuit.  A  paraffined  cardboard  disc  is  mounted  on  a 
point  9  mm.  above  the  metal  plate,  the  latter  being  12  cm.  in  diameter.  On 
working  the  circuit  with  an  effective  difference 'of  potential  of  8,000  volts 
between  one  terminal  and  the  next,  the  cardboard  disc  is  set  into  very  rapid 
rotation.  E.  E.  F. 

102.  Moving  Bodies  in  an  Electric  Field.    A.  Heydv^eiller.    (Wied.  Ann. 
69.  3.  pp.  531-576,  November,  1899.)— If  a   sphere  rotates  uniformly  in  a 
medium  of  different  conductivity  subject  to  electric  stress,  a  couple  acts 
upon  the  sphere  tending  to  stop  or  to  accelerate  its  motion,  accordingly  as 
the  conductivity  of  the  medium  is  very  small  or  very  large  in  comppttlson 
with  that  of  the  sphere.   The  author  has  repeated  the  experiments  of  Qunicke. 
Arno,  Threlfall,  and  others  made   in  this  connection.     He  finds  that  the 
phenomena  in  air  are  comphcated  by  its  dielectric  conductivity.    This  con- 
ductivity depends  upon  the  field  intensity  on  the  one  hand  and  upon  the 
density  on  the  other  hand,  increasing  with  increasing  field  intensity  and  with 
decreasing  density.    A  maximum  is  reached  at  a  pressure  of  about  0*005  mm 
of  mercury.    The  conductivity  may,  according  to  these  conditions,  be  greatei 
or  less  than  that  of  a  glass  sphere  or  plate  suspended  in  it,  and  the  rotation 
or  oscillations  observed  will   vary  accordingly.     The   author  applies   thi 
observation  to  the  motion  of  celestial  bodies,  which  may  be  regarded  a 
conducting  spheres  suspended  in  a  non-conducting  medium  strained  by 
feeble  electrostatic  field.     He  shows  that  if  the  earth's  potential  was  10'  as  2 
present,  or  somewhat  higher,  say  10***  electrostatic  units,  for  100  billion  year 
the  field  thus  created  would  account  for  the  stoppage  of  the  moon's  rotatio 
without  having  to  call  in  a  supposed  tidal  action.  E.  E.  1 

103.  Brush  Discharge  in  a  Magnetic  Field.  M.  Toepler.  (Wied.  Ann.  69. 
pp.  680-684,  November,  1899.) — Every  discharge  in  the  open  air  is  more  < 
less  influenced  by  a  magnetic  field.  The  effect  may  be  produced  in  a  pec 
liarly  striking  way  by  producing  a  negative  "  brush  discharge  arc  "  betwe< 
a  blunt  brass  point  and  a  slate,  and  introducing  a  high  water-resistance  in 
the  circuit.  The  discharge  is  directed  between  the  pole-pieces  of  an  electr 
magnet.  The  magnetic  field  has  the  effect  of  crowding  the  stratificatio 
together,  and  also  of  displacing  them  laterally  with  respect  to  each  oth« 
An  unstable  brush  discharge  is  converted  into  a  spark  discharge  by  t 
magnetic  field.  E.  E. 

104.  Ions   in    the    Electric  Wind.      A.   P.    Chattock.     (Phil.    Mag. 
pp.  401-420,  November,  1899.     Portion  read  at  Bristol  Meeting  of  the  Brit 
Association,  1898.) — When  an  electric  discharge  passes  continuously  throu 
the  air  between  a  point  and  a  plate  an  increase  of  pressure  is  experienc 

on  the  aide  of  the  plate  nearest  the  point.     This  pressure  is  given  by 
equation 

V=rC2/(P-7r) 

^here  Ijs  the  velocity  of  the  ions  in  unit  electrostatic  field,  C  \s  l><t  oaxx. 
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passing  between  the  point  and  the  plate,  z  the  distance  from  the  point  to  the 
plate,  P  the  total  increase  of  pressure  on  the  plate  (due  partly  to  impact  of 
ions  themselves  and  partly  to  the  drag  of  the  ions  on  the  air),  and  tt  is  the 
pfessure  due  to  the  impact  of  ions  alone.  All  these  quantities  may  be  experi- 
mentally oieasured'  except  V,  which  is  therefore  determined  :  tt  is  obtained 
OD  the  assumption  that  in  the  air  at  ordinary  pressure  the  ions  give  up  the 
greater  part  of  their  momentum  very  near  the  point,  and  so  a  curve  of  P 
plotted  ^ith  z  as  variable  should  be  a  straight  line  cuttmg  the  axis  of  P  in  tt. 
The  total  pressure  P  is  experimentally  determined  here  by  plotting  the 
pressures  on  the  plate  at  different  distances  from  the  foot  of  the  perpendicular 
trom  the  point.  A  small  hole  in  the  centre  of  the  plate  allows  the  pressure 
at  that  point  to  be  measured  on  a  manometer,  a  metal  tube  being  soldered 
to  the  back  of  the  plate  and  surrounding  the  hole,  and  connected  by  india- 
mbber  tubing  with  the  manometer.  The  point  is  moved  parallel  to  the  plate 
and  the  pressures  corresponding  to  its  different  positions  are  read  on  the 
manometer  and  then  plotted.  The  integration  of  the  curve  gives  the  total 
pressure  P.  The  current  from  the  point  to  the  plate  is  measured  on  a 
^vanometer  and  is  alvrays  kept  constant.  Plotting  the  values  of  P  for 
values  of  z  gives  a  straight  line  cutting  the  axis  of  P  in  tt.  In  the 
the  strength  of  the  lield  was  practically  uniform  everywhere 
except  close  to  the  point  (In  some  experiments  the  point  had  a  guard  ring 
MBTOunding  it  and  in  electrical  contact  with  it.)  This  was  shown  by  plotting 
the  difference  of  potential  between  plate  and  point  with  z  as  abscissae  ;  the 
result  being  two  straight  lines,  one  for  -|-  discharge  and  the  other  for  — 
di:>chaj'ge. 

The  velocities  calculated  from  the  results  of  the  experiments  are — 

V  -h  =  336  cm/sec. 

V  —  =  489  cm/sec. 

Another  method  of  experimenting  is  described,  in  which  the  plate  is 
replaced  by  a  thin  ring,  and  the  point  and  ring  are  placed  coaxially  in  a  wide 
glass  tube  closed  at  both  ends.  Two  side  tubes  at  the  two  ends  communicate 
with  the  two  limbs  of  a  manometer  which  registers  the  difference  of  pressure 
when  the  discharge  takes  place  :  z  is  varied  by  moving  the  ring  along  the 
isi-y  of  the  tube.     In  this  case 

P  =  /)a4-/>' 

w*:jcre  p  i:*  the  difference  of  pressure  measured  on  the  gauge,  a  the  area  of 
cross->ection  of  the  wide  glass  tube,  and  />'  that  portion  of  the  pressure 
3t3pped  by  the  ring. 

The  mean  values  obtained  for  the  velocities  are — 

V  -f  =  413  cm/sec.  in  unit  E.S.  held 

V  — =  540 


»»  »»  >i 


The  other  points  dealt  with  in  the  paper  are  (1)  the  relation  between  the 
vtlocit>'  of  the  ions  and  that  of  the  wind  ;  (2)  the  spread  of  the  current 
between  point  and  plate  ;  (8)  the  mass  of  the  ions.  J.  B.  H. 

106.  Electric  Discharge  by  Light  O.  Knoblauch.    (Zeitschr.  Phys.  Chem. 
«.  pp.  527-545,  July  28,  1899.)— The  cause  of  the  loss  of  a  negative  charge 
from  some  bodies  when  light  is  allowed  to  fall  on  their  surfaces  is  here  in- 
\tsdgaued.     The  experimental  method  adopted  is  that  which  was  used  by 
Elstcr  and  O&te)  and  by  others  in  their  experiments  on  the  same  phenomena. 
Jkhemt  sdxty  different  organic  and  inorganic  compounds  were  experimented 
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on,  and  the  results  are  given  in  tabular  form  in  the  paper.  The  substances 
were  not  chosen  at  random,  many  of  them  being  taken  because  of  the  effect 
of  light  on  their  chemical  constitution. 

The  results  may  be  best  summarised  on  the  theory  of  oxidation  and 
charged  ions  which  the  author  accepts.  Reducing  agents  and  bodies  not 
fully  oxidised  when  illuminated  lose  their  negative  charges  the  most  rapidly  ; 
oxidising  agents  and  bodies  fully  oxidised  do  not  lose  their  negative  charge. 
In  no  case  did  any  body  lose  a  positive  charge  any  quicker  when  illuminated 
than  when  not.  Some  bodies  which  oxidise  very  readily  and  do  not  lose  any 
negative  charge,  the  author  considers  to  be  already  fully  oxidised  on  the 
surface.  He  also  applies  the  theory  to  those  bodies  which  have  their 
chemical  constitution  altered  by  light,  e.g.,  AgCl  and  AgBr,  and  considers 
that  the  primary  action  in  the  chemical  change  is  one  of  oxidation,  the 
evolution  of  CI  and  Br  in  the  above  being  secondary  phenomena. 

The  oxidation  is  considered  to  be  due  to  the  action  of  the  light  on  the 
film  of  condensed  gas  on  the  surface  of  the  bodies,  causing  ionisation  of  the 
gas  in  the  film.  The  traces  of  this  film  which  always  adhere  even  in  atmo- 
spheres of  other  gases  account  for  the  loss  of  negative  charge  which  takes 
place  in  these  atmospheres. 

The  author  also  applies  the  oxidation  theory  to  explain  (1)  the  positive 
electrification  of  an  insulated  Zn  plate  when  light  falls  on  it,  (2)  the  electric 
conductivity  of  air  surrounding  phosphorus,  (8)  the  effect  of  a  beam  of  light 
falling  on  the  kathode  in  rarefied  gases  acting  as  a  promoter  of  discharge,  and 
(4)  he  criticises  adversely  the  suggestion  that  the  rate  of  loss  of  a  negative 
charge  by  a  coloured  substance  should  be  a  measure  of  the  permanence  of  thi 
colour  in  sunlight.  J.  B.  H 

106.  Explosive  Effect  of  Electrical  Discharges.    J.   Trowbridge,   T.   C 
McKay,  and  J.  C.  Howe.    (Phil.  Mag.  49.  pp.  279-286,  September,  1899 
Amer.  Journ.   Sci.    8.    pp.  289-244,   October,    1899.) — Experiments  over 
wide  range  of  high  voltages  show  that  the  explosive  effect  of  electric; 
discliarges  is  due  to  an  electrostatic  effect  rather  than  to  a  heat  effect 
that  a  strong  analogy  exists   between  the   terminal  conditions  existing  i 
electrical  discharges  and  those  of  the    electrodes  of   an    ordinary  volta 
cell  in   respect   of  an  ionisation   and  electric  attraction  and   repulsion 
the  particles  of  the  air  which  is,  however,  a  local  phenomenon  ;  that  tl 
electric  density  on  the  terminals  of    a  condenser  is   proportional    to    tl 
strength   of  current  which  the  charging  battery  is  capable  of  producin; 
and  that  the  electrostatic  field,   diminishing  much   more  rapidly  with  t 
distance  than  the  electromagnetic  field,  doubtless  has  its  energ>'  consum 
in  molecular  movements.  A. 

107.  Cooling  in  Sparked  Air.  P.  Pettinelli.  (N.  Cimento,  10.  pp.  117-1 
August,  1899.) — A  thermometer,  in  air  through  which  a  few  oscillating  spa 
from  a  Ruhmkorff  coil  (2  to  8  cm.)  have  been  passed,  takes  about  o 
thirtieth  less  time  to  cool  than  it  takes  in  ordinary  air.  A. 

108.  Pressure  within  the  Spark.    J.  F.  Mohler.    (Astro-Phys.  Journ. 
pp.  202-206,  October,  1899.) — Experiments  were  made  to  test  the  results 

ta/'/je'd  by  Haschek  and  Mache.    (See  1899,  Abstract  No.  1891.)    If  their  res 

are  near  the  truth  the  shift  of  the  lines  due  to  pressure  should  be  ^ 

crojjs/cferabJe  ;  indeed,  as  in  many  experiments  they  iouud  a  pressure  of  n 

f  an  50  atmospheres,   the  displacement  of  the  lines  sho\]\d  be  ioMt  oi 
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times  the  largest  displacement  found  by  the  authors  in  previous  experiments 
with  the  arc,  for  the  displacement  due  to  1  atmosphere  is  a  measurable 
quantity  with  some  elements.  The  author  used  a  4-inch  concave  Rowland 
grating,  mounted  in  the  usual  way  on  piers  of  solid  masonry,  in  a  room 
ot  nearly  constant  temperature.  Photographs  of  the  spectrum  under  con- 
sideration were  taken  along  with  the  spectrum  of  the  arc,  at  atmospheric 
pressure,  for  comparison.  The  results  show  that  there  is  pressure  produced 
when  the  spark  passes  through  a  medium,  but  that  it  is  not  nearly  so  great 
as  supposed  from  the  work  of  Haschek  and  Mache.  The  results  also  show 
that  the  amount  of  pressure  varies  with  the  density  of  the  medium  surrounding 
the  electrodes,  and  that  the  kind  of  gas  does  not  affect  the  result.  With 
a  medium  such  as  water,  800  times  as  dense  as  air,  with  a  small  capacity 
a  displacement  of  about  0*4  Angstrom  unit  would  be  produced  in  the  iron 
lines,  which  is  only  a  Httle  less  than  the  average  displacement  of  the  lines 
obtained  by  Wilsing.  E.  E.  F. 

lOO.  Rapid  Spark-Discharges,  H.  T.  Simon.  (Gesell.  Wiss.  Gottingen, 
Xachr.  Math.-Phys.  Klasse,  2.  pp.  188-186, 1899.)— A  large  induction-coil  usually 
gives  a  crackling,  brilliant,  zigzag-shaped  spark  discharge  ;  but  when  it  is  pro- 
vided with  a  rapid  interrupter  (e,g,f  Wehnelf  s)  the  discharge  takes  the  form  of 
a  flaring  bow  which  exhibits  no  zigzags.  Instead  of  crackling  it  hisses,  the 
colour  of  the  light  is  changed,  and  the  brilliancy  is  much  diminished.  This 
**  flame-bow "  can  extend  much  beyond  the  usual  sparking  distance  of  the 
coiL  If  the  spark-gap  is  horizontal  the  flame-bow  is  bent  upwards  by  the 
current  of  warm  air  which  it  produces  ;  the  length  of  its  path  goes  on 
increasing  until  it  breaks  o£E  and  starts  again  lower  down.  If  the  dis- 
chsLTge  takes  place  between  two  rods  inclined  to  one  another  so  that  the 
distance  between  them  increases  upwards,  the  discharge  begins  at  the 
bottom  2Lnd  then  slides  upwards  (until  the  distance  is  increased  four  or  five 
times.',  snaps,  and  starts  again  across  the  shortest  path.  (This  illustrates  the 
action  of  certain  forms  of  lightning-protector.)  If  air  is  blown  into  such 
a  Eame-bow  it  passes  over  into  the  zigzag  spark-discharge.  Photographs 
>haw  that  the  latter  consists  of  separate  sparks,  each  of  which  has  a  jagged 
path.  The  flame-bow  also  consists  of  separate  sparks,  but  all  of  these  have 
a  twisted,  wave-like  appearance,  and  each  one  follows  very  approximately  the 
path  of  the  spark  which  precedes  it.  When  photographed  on  a  moving 
plate  the  separate  spark-paths  appear  as  approximately  parallel  curves. 
Thus  when  the  sparks  follow  each  other  rapidly  enough,  each  one  finds 
iti  path  prepared  by  the  preceding  one.  This  preparation  must  be  of  the 
nature  of  a  physical  change  in  the  air  which  only  lasts  for  a  short  time. 
The  author  has  determined  this  time  photographically,  for  air  at  rest  and 
at  ordinary  pressure.  He  finds  that  a  spark  follows  the  path  of  the  preceding 
>park  <o  long  as  the  interval  between  them  does  not  exceed  0*0028  second  ;  if 
tt  exceeds  this  the  spark  follows  a  new  zigzag  path.  Within  wide  limits  this 
time  appears  to  be  indej)endent  of  the  length  of  the  spark-gap  and  of  the 
of  which  the  points  consist.  D.  E.  J. 


no.  Current  in  Vacuum  Tube.    A.  Righi.     (N.  Cimento,  10.  pp.  112-116, 
Angast*  1W9.) — If  there  be  in  circuit  a  battery  of  small  storage  cells,  a  tube  of 
rarefied  gas  wth  unequal  electrodes  (say  a  disc  and  a  point),  a  sensitive  galvano- 
xoeter,  and  a  high  resistance  (co\umn  of  distilled  water) ;  and  if  the  electromotive 
force  ai  the  hattezy  be  onJy  slightly  above  what  is  required  in  order  to  send  a 
Otrcft^  Bad  light  up  the  vacuum  tube  ;  then  it  is  sufficient  to  change 
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the  place  of  the  resistance  in  the  circuit  in  order  to  modify  not  only  the 
luminosity  of  the  tube,  but  also  the  strength  of  the  current  passing  through 
the  galvanometer.  The  explanation  suggested  is  that  the  current  is  not  really 
continuous  as  it  appears  to  be  from  the  apparently  continuous  luminosity,  but 
is  a  succession  of  discharges  governed  by  the  dissimilarity  between  the 
electrodes.  A.  D. 

111.  Free  Electricity  on  Vacuum  Tubes,  E.  Riecke.  (Wied.  Ann.  69. 
4,  pp.  788-800,  December,  1899.) — To  demonstrate  the  existence  of  free 
electric  charges  on  the  surface  of  vacuum  tubes  in  action,  and  to  study 
their  distriV)ution,  the  author  employs  Lichtenberg's  figures.  He  dusts  a 
mixture  of  sulphur  and  red  lead  on  to  glass,  shakes  off  the  mechanically 
adhering  dust,  and  photographs  the  resulting  figures.  The  latter  differ 
according  to  whether  the  electrodes  are  put  to  earth  or  not.  Just  opposite 
the  kathode  a  ring  is  formed,  free  from  sulphur,  and  containing  within 
it  irregular  patches  of  minium.  A  ring  of  red  powder  is  formed  where 
the  plane  of  the  kathode  cuts  the  glass,  and  a  cap  of  red  powder  surrounds 
the  kathode  wire.  The  remainder  of  the  tube  is  covered  more  or  less  evenly 
with  yellow  powder.  When  the  anode  is  put  to  earth,  the  powder  arranges 
itself  in  bands  extending  towards  the  kathode  on  one  side  and  the  spot 
opposite  the  kathode  on  the  other  side.  Metallic  objects  placed  in  the 
path  of  the  rays  cast  a  sharp  shadow  free  from  red  powder,  and  sometimes 
covered  with  yellow  powder.  A  metalHc  mirror  produces  a  spot  like  the 
kathode,  just  as  if  the  kathode  rays  had  been  regularly  reflected.  (See  1898, 
Abstract  No.  636.)  E.  E.  F. 

112.  Death  from  Electric  Discharges.     J.  L.  Prevost  and    F.  Battelli. 
(Comptes  Rendus,  129.  pp.  651-654,  October  23,  1899.)— Two  hundred  and 
seventy  experiments  were  made  upon  dogs,  rabbits,  and  guineapigs  (com- 
pare  1899,  Abstract  No.  651),  the  animals  being  inserted   in  a  condenser 
circuit,  charged   by  a  Ruhmkorff,  and  the  electrodes  placed  in  the  mouth 
and  rectum  respectively.      The    fatal    effect  docs    not  depend  upon  'the 
direction  of  the  current,  nor  upon  the  quantity  of  electricity,  but  is  pro- 
portional to  the  energy  (capacity  and  square  of  potential  difference).    Th< 
mortality  did  not  further  increase  when   the  spark-gap  exceeded  15   mm. 
and  the   effect  is  the  same  for  a  capacity   1  and  a  spark-gap  of  4  cm.,  a 
for  a  capacity  4  and  a  gap  of  1  cm.     On  the  whole  the  number  of  fatal  case 
decreased  with  increasing  weight  and  age  ;  two  consecutive  discharges  o 
1,000  joules  did  not  kill  a  dog  of  7  kg.  weight.     Quickly  consecutive  dis 
charges  have  an  accumulative  effect,  but  are  comparatively  less  fatal  thai 
single  discharges.     Five   pha-es  are  distinguished   in   the   effects :   genen 
muscular  contraction,  convulsions,  spasms,  general  inhibitions  of  the  nervou 
system,   stoppage  of   heart's   action  ;   young  guineapigs  cannot  be  revive 
even  after  the  second  phase  by  artificial  respiration.     The  paper  also  refei 
to  the  fluctuations  in  the  arterial  pressure  and  to  anatomical  lesion.  H.  1 

113.  New  Vacuum  Tube  Phenomenon.  C.  E.  S.  Phillips.  (Electricia 
43.  p.  811,  September  29,  1899.  Abstract  of  paper  read  before  the  Briti* 
Association  at  Dover.)  The  phenomenon  is  best  described  in  the  won 
of  the  original  Abstract  : — 

"  The  apparatus  used  in  this  investigation  consisted  of  an  approximate 
spherical  glass  bulb,  the  ends  of  which  were  left  open  for  the  purpose 
inserting  two  soft  iron  electrodes,  half  an  inch  in  diameter,  through  air-tig 
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flanges  which  themselves  were  cemented  to  the  glass.  The  bulb  was  about 
^  inches  in  diameter,  and  the  electrodes  were  chosen  of  a  sufficient  length 
to  enable  them,  while  almost  meeting  at  the  centre  of  the  bulb,  to  project 
octwards  slightly  beyond  the  rims  of  the  flanges.  A  side  tube  was  attached 
for  the  purpose  of  connecting  the  apparatus  to  a  Sprengel  air-pump  and 
McLeod  vacuum  gauge.  Two  powerful  electromagnets  were  then  adjusted, 
so  as  to  strongly  magnetise  the  electrodes  when  necessary. 

"  A  low  pressure  ha\ing  been  produced  in  the  bulb  by  the  action  of 
the  air-pump,  leading  wires  were  attached  to  the  iron  electrodes  to  enable 
the  di:»charge  from  the  secondary  of  an  induction  coil  to  be  passed  through 
the  rarefied  gas.  Under  these  conditions  the  effects  produced  in  the  usual 
glow-discharges  by  the  magnetisation  of  the  electrodes  could  be  conveniently 
examined.  It  was  seen  that  at  a  pressure  represented  by  0*008  mm.  of  mercury, 
and  with  the  discharge  just  able  to  pass  in  the  bulb  (the  magnets  meanwhile 
remaining  unexcited),  on  shutting  off  the  current  from  the  induction  coil 
and  completing  the  magnet  circuit,  a  luminous  ring  appeared  within  the 
bulb  in  a  plane  at  right  angles  to  the  lines  of  force  and  in  rotation  about 
ihc  magnetic  axis.  The  number  of  such  rings  can  be  varied  by  special 
devices,  and  their  brightness  largely  depends  upon  the  electrostatic  condition 
of  the  outer  surface  of  the  glass  bulb.  The  circumferential  speed  of  the  ring 
or  rings  rapidly  dies  dow^n,  and  the  sense  of  the  rotation  reverses  when 
the  magnetic  polarity  of  the  electrodes  is  reversed.  The  rings,  when  once 
formed,  usually  last  for  many  seconds,  sometimes  for  a  minute  ;  and  they 
mofncntarily  brighten  before  disappearing,  when  the  electrodes  cease  to 
be  magnetised.  The  appearance  of  the  rings  is  greatly  affected  by  bringing 
charged  bodies  up  to  the  outside  of  the  bulb. 

*•  The  effect  also  depends  upon  the  manner  of  stimulation  of  the  rarefied 
ga:>  within  the  bulb.  It  is  necessary  to  obtain  a  particular  distribution  of 
charged  particles  in  order  to  get  the  best  results  when  the  magnet  is  excited. 
The  *»hape  of  the  magnetic  field  is  also  of  importance."  E.  E.  F. 

114.  Phillips  Rotalion  Phenomenon.  Kelvin.  (Electrician,  43.  p.  532. 
Acgust  4.  1899.) — The  author  seeks  the  explanation  of  Phillips's  rotating 
imninous  rings  in  Varley's  fundamental  discovery  of  the  torrent  of  negatively 
ciectntied  particles  from  the  kathode,  when  an  electric  current  is  forced 
through  a  somewhat  highly  exhausted  glass  vessel.  The  tendency  of  this  may 
be  to  fill  the  whole  space  with  negatively  electrified  particles,  remaining 
nanered  through  the  enclosure  for  some  time  after  the  cessation  of  the 
discharge.  If  this  is  the  case,  each  of  these  must,  during  the  initiation  of 
the  magnetic  field,  experience  an  electrostatic  force  proportional  to  its 
distance  from  the  axis  of  the  field,  and  in  a  direction  perpendicular  to 
the  axis.     This  is  just  what  is  required  to  explain  the  rotating  rings. 

E.  E.  F. 


116.  Repulsion  of  Electrodes  in  Vacua.  H.  Ebert.    (Deutsch.  Phys.  Gesell., 

Verh.    1.   pp.   141-144,   1899.) — The    repulsion  of   electrodes  in  high   vacua 

m'hen    under   the  influence  of  an  alternating  discharge   is   not,   as  Neesen 

'jcpposes,  due  to  thermal  expansion  of  the  intervening  gas,  since  hot  gases 

ascending   between   movable   plates   produce   the   effect   of    an    attraction. 

Moreover,  the  difference  of  potential  should  fall  if  hot  gases  were  at  work, 

whereas  in  reality  it  rises.     The  author  attributes  the  phenomenon  to  residual 
dtctricai  ejects.  ^   ^    p 
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116.  Anode  and  Kathode  Rays,  A.  Battelli  and  L.  Magri.  (N.  Cimento, 
10.  pp.  264-268,  October,  1899.)— The  authors  subjected  the  same  highly 
exhausted  tubes  to  bipolar  and  unipolar  discharges,  and  formulate  the  follow- 
ing rules  :  In  every  species  of  tube  both  anode  and  kathode  rays  are  generated, 
the  former  proceeding  from  parts  at  higher  potentials,  the  latter  from  parts  at 
lower  potentials.  In  the  case  of  bipolar  discharges  all  parts  of  the  tube 
generate  anode  rays,  except  the  kathode,  which  generates  kathode  rays  only. 
But  when  only  one  electrode  is  connected  with  the  machine,  both  anode  and 
kathode  rays  are  generated  by  the  electrode  connected.  This  may  be  shown 
by  deflecting  the  rays  by  a  magnet,  when  that  portion  of  them  which  pro- 
duces fluorescence  of  the  glass  is  deflected  like  kathode  rays,  while  the  other, 
of  the  violet  colour  of  the  anode  light,  is  deflected  in  the  opposite  direction. 
The  anode  rays  have  an  oxidising  action,  while  the  portions  of  a  metallic 
screen  which  are  impinged  upon  by  the  kathode  rays  are  less  oxidised,  prob- 
ably owing  to  a  reducing  counteraction  of  the  kathode  rays.  The  charges 
conveyed  by  the  rays  generated  in  unipolar  discharges  are  studied  by  the 
authors  bv  means  of  an  ingenious  combined  vacuum  tube  and  electroscope. 

E.  E.  P. 

117.  Velocity    of  Kathode    Rays.    E.    Wiechert.    (Wied.    Ann.    69.    4. 
pp.  739-766,  December,  1899.) — The  author  employs   Tesla  currents  in  a 
Lecher  wire  system,  and  starts  the  emitting  and  measuring  systems  by  the 
same  spark.    The  kathode  rays  produced  are  deflected  by  means  of  a  loop  ir 
the  condenser  circuit.    The   kathode  is  hollow,  and  the  rays  are    undei 
ordinary  circumstances  concentrated  on  a  hole  in  a  diaphragm.    When  th« 
Lecher  system  is  at  work,  the  beam  is  periodically  deflected,  and  appears  t( 
be  split  into  two  beams,  marking  the  two  positions  of  extreme  deflection.    I 
small  permanent  magnet  is  then  placed  in  such  a  position  that  the  beam  i 
deflected  to  begin  with,  and  the  hole  in  the  diaphragm  corresponds  to  one  o 
the  extreme  positions.     In  this  manner  a  strong  and  apparently  steady  bear 
is  made  to  penetrate  the  diaphragm  whenever  the  Lecher  system  is  working 
After  passing  for  some  distance  along  the  tube,  the  beam  passes  throug 
another  diaphragm,  behind  which  it  is  caught  on  the  screen.  The  last  portio 
of  the  path   is  surrounded   by  another  deflecting  loop.     If,  therefore,  tb 
velocity  of  the  rays  is  beyond  the  resources  of  the  arrangement,  the  deflectic 
will  be  again  in  the  same  direction  as  in  the  first  loop.     But  if  during  i 
passage  along  the  tube  the  beam  has  lost  phase  with  respect  to  the  deflectin 
oscillation,  the  beam  will  show  a  different  deflection,  and  the  periodic  chan[ 
of  the  deflection  along  the  tube,  taken    in   connection  with    the    knov 
periodicity  of  the  deflecting  system,  gives  complete  data  for  measuring  tl 
velocity  of  the  rays. 

The  observations  indicate  that  this  velocity  is  about  one-seventh  of  t 
velocity  of  light.    The  most  probable  value  for  the  ratio  ejm  comes  out 
1*26x10',  which  is  lower  than  the  values  hitherto  obtained.    The  movi; 
atomic  weight  per  "electron"  appears  to  be  ^yW  o^  the  oxygen  atom. 

E.  E. 

118.  The    Ratio    ejm,    S.    Simon.    (Wied.    Ann.    69.    8.    pp.    589-6 
November,  1899.) — In  view  of  the  theoretical  importance  of  the  ratio 
the  electric  charge  of  a  kathode  particle  to  its  mass,  the  author  has  « 

deavoured  to  obtain  as  accurate  a  value  as  possible  for  this  ratio.     He  uj 

J^^ufmann's  method  of  transmitting  a  beam  of    kathode  rays  through 

^a&ietising  coil.     The  chief  matter  of  importance  w^s  iVve  task  ol  df!^ 
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nnning  accurately  the  variation  of  the  magnetic  field  along  the  path  of  the 
beam,  and  this  was  done  by  means  of  a  specially  designed  magnetometer.  It 
vz>  important  that  this  field  should  be  as  uniform  as  possible,  and  that  the 
remainder  of  the  path  should  be  uninfluenced  by  magnetic  forces.  For  this 
object  the  position  of  the  anode  and  kathode  were  so  chosen  that  the  resultant 
magnetic  effect  outside  the  coil  was  zero.  Three  independent  measurements 
were  made  with  different  positions  of  the  electrodes.  The  first  and  third 
measurements  resulted  in  a  difference  of  0*48  per  cent.,  and  the  first  and 
second  in  a  difference  of  only  0*1  per  cent.  The  final  value  of  the  ratio  was 
1-9R5X  l(y  c.g.s.  units.    Kaufmann's  corrected  value  was  17Tx  10^        E.  E.  F. 

119.  High-frequency  Glow-light  H.  Ebert.  (Wied.  Ann.  69.  2.  pp.  872- 
397,  October,  1899.)— When  a  high-frequency  alternating  current,  of,  say, 
1,000  reversals  per  second,  is  discharged  through  a  vacuum  tube  in  process  of 
exhaustion,  the  current  intensity  increases  up  to  a  certain  point  of  exhaustion, 
and  then  decreases.  At  the  same  time  the  difference  of  potential  and  the 
energy  consumed  pass  through  a  minimum.  This  is  explained  by  the  author 
on  the  ground  of  a  residual  effect  of  the  positive  charge  in  the  glow-light, 
m-hich  persists  for  a  short  time  after  the  glow  has  ceased.  When  different 
gases  are  compared,  it  is  seen  that  the  reversal  takes  place  at  pressures  which 
ve  in  the  same  ratio  as  the  mean  free  paths  of  the  respective  gaseous  mole- 
cules— ^in  other  words^  where  the  mean  free  path  has  reached  a  certain  value. 
After  that  is  reached,  the  charged  molecules  arc  no  longer  capable  of 
exchanging  their  charges  in  time  for  the  next  discharge.  A  similar  reversal 
takes  place  when  the  pressure  is  kept  constant  and  the  electrodes  are  moved 
op  to  each  other.  The  reversal  coincides  with  the  point  at  which  the  glow- 
light  layers  formed  during  alternate  discharges  begin  to  overlap.  W^hen 
2cother  tube  is  mounted  in  parallel,  part  of  the  discharge  then  begins  to  pass 
through  the  second  tube.  The  author  has  also  succeeded  in  demonstrating  a 
repulsion  between  the  electrodes,  due  to  the  fact  that  the  positive  charges 
prcduced  by  one  anode  persist  after  the  other  electrode  has  become  an 
iJi'Dde.  E.  E.  F. 

120.  Positive    and    Negative  Spark-Discharge    in    Gases.     E.    Warburg. 
♦  Preoss-    Akad.  Wiss.  Berlin.,  S.ber.  40  pp.  770-778,  October  19,  1899.)— It 
Vi  kixiwn  that  the  spark-discharge  at  a  negative  potential  is  generally  greater 
than  at  an  equal  positive  potential.    The  effect  produced  on  this  phenomenon 
by  the  presence  of  slight  impurities  in  the  gases  appears  to  have  escaped 
cotice-     The  author's  attention  was  directed  to  it  in  the  course  of  experiments 
-3  the  >park-discharge  in  nitrogen  at  various  negative  and  positive  potentials. 
It  was   found  that  with  a  given  negative  potential  the  discharge  current 
d3mini:»hed  with  the  time.     E.g.,  with  a  potential  of — 6,160  volts  it  diminished, 
in  four  minutes  from  64*4  to  48*7  micro-amperes ;  when  the  apparatus  was  re- 
plied with  fresh  nitrogen  from  the  gasometer  tlie  current  rose  again  to  627  and 
then  diminished  as  before.    Whatever  the  impurity  was  which  produced  this 
c5ect.  it  was  not  capable  of  affecting  in  the  same  way  a  positively  charged 
ekctrode.     Thus  the  currents  given  for  V  =  4,850  were  (in  micro-amperes)  : 
fV>!»itivc,  2*06  at  start  and  1*95  next  morning  ;  negative,  40  at  start  and  11-2 
acxt  morning.    The  most  likely  impurity  was  oxygen,  for  although    the 
xtrogen  had  been  purified  by  potash,  sulphuric  acid,  and  phosphorus  pent- 
'JBdc,  it  had  been  collected  in  the  gasometer  over  water,  and  this  water  would 
3ur,    It  was  probable   that   the   negative    conductivity    would   be 
-  hr  removal  of  any  oxygen  present.     It  was  removed  by  passing  the 
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gas  over  copper.  As  long  us  the  copper  remained  cold  there  was  no  change : 
on  heating  it  there  was  a  considerable  increase  in  the  negative  discharge. 
Some  of  the  results  obtained  with  nitrogen  purified  in  this  manner  were 
remarkable  ;  e.g.,  it  was  now  found  that  the  current  at  a  negative  potential  of 
8,810  was  200  times  as  strong  as  that  at  a  positive  potential  of  5,180  volts. 

D.  E.  J. 

121.  Transmission    of   Hertzian     Waves    through     Liquids.     E.   Branly. 
(Comptes  Rendus,  129.  pp.  672-676,  October  80, 1899.) — ^The  liquids  examined 
were   contained  in  a  cubical  case  60  cm.  in  the  side  ;    in  the  liquid  was 
immersed  a  wooden  box  containing  the  receiver.     In   order   to  reach  the 
receiver  the  waves  had  to  traverse  a  stratum  of  liquid  20  cm.  thick.    The 
dimensions  were  fi.\ed  before  knowing  how  high  the  absorptive  power  of 
some  of  the  liquids  would  prove  to  be,  and  it  was  found  necessary  to  use  two 
different  radiators,  A  and  B.     A  was  used  for  comparing  the  transparency  of 
air,  oil,  and  water  :  its  induction  coil  had  a  sparking  distance  of  2  cm.,  and 
the  exciter  had  an  air-gap  of  1*2  mm.     B  was  much  more  powerful,  and  was 
used  for  water  and  saline  solutions  :  its  induction  coil  had  a  sparking  distance 
of  20  cm.,  and  a  Righi  exciter  with  an  oil-gap  was  used  with  it.  The  following 
numbers  give  in  metres  the  distances  (measured  to  the  face  of  the  case)  a 
which  the  radiator  just  ceased  to  act  upon  the  receiver  : — 

Radiator  A. — Air,  10'8  ;  water  from  the  Vanne,  2*2  ;  air,  9*5  ;  mineral  oi 
(valvoline),  10'6  ;  distilled  water,  3  ;  water  from  the  Vanne,  2*6. 

Radiator  B. — Water  from  the  Vanne,  9*2,  9*5  ;  water  containing  in  18. 
litres  1  kgm.  of  common  salt,  0*8 ;  water  containing  twice  as  much  salt,  0< 
The  latter  number  indicates  that  no  effect  was  produced  on  the  receiver  whe 
the  radiator  was  right  up  against  the  face  of  the  case. 

The  same  quantity  of  sea-water  would  contain  about  6  kgms.  of  commo 
salt ;  apparently  a  layer  of  it  much  less  than  20  cm.  in  thickness  would  con 
pletely  absorb  the  waves.  Sea- water  would  appear  to  stop  Hertzian  wav€ 
more  effectually  than  a  wall  of  cement  of  the  same  thickness  (and,  compare 
with  cement  walls,  dry  stone  walls  are  very  transparent). 

The  sulphates  of  zinc,  sodium,  and  copper  show  absorptions  which  ai 
smaller  than  that  of  common  salt,  but  are  still  comparable  with  it.        D.  E. 

122.  Behaviour   of    Vapours    towards     Testa    Oscillations,     Kauffmani 
(Zeitschr.  Elektrochem.  6.  pp.  87-92,  July  27, 1899.) — Vapours  behave  towan 
"Tesla  oscillations  "  in  much  the  samcway  as  gastlS*   When  a  tube  containii 
only  nitrobenzene  vapour  with  exce^ot^  nitrobenzene  is  held  over  a  "  Tes 
pole,"  the  vapour  (and  the  vapour  only)  gives  out  a  pale  green  light ;  tl 
liquid  does  not  fluoresce  at  all.    Tubes  containing  naphthalene  give  onl> 
very  feeble  bluish-white  light.     (On  the  other  hand,  kathode  rays  are  readj 
formed   in   them.)    The   luminescence   is  accompanied    by  decompositic 
Nitrobenzene  becomes  visibly  brown  after  its  vapour  has  luminesced  for 
few  minutes.  Tubes  after  frequent  use  do  not  respond  so  readily.    Naphthale 
tubes  also  become  brown  after  frequent  use  and  no  longer  show  kathode  ra 
The  effect  of  increasing  the  vapour-pressure  is  examined  by  placing  a  tube 
boiling  water  ;  of  the  two  "  Tesla  poles  "  one  is  connected  to  the  water  a 
the  other  to  earth.     On  touching  the  tube  with  the  hand  the  following 
observed  :    If  it  is  a  nitrobenzene  tube  its  luminescence  is  greatly  reduce 
only  green  sparks  pass  through  the  vapour.     If  it  is  a  naphthalene  tube 
exhibits  a  powerful  violet  fluorescence,  visible  at  a  considerable  distan< 

kathode  rays  no  longer  appear.     On  replacing  the  tubes  in  cold  water  tl 
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revert  to  their  original  behaviour — green  luminescence  in  the  case  of  nitro- 
benzene, and  faint  blue  in  the  case  of  naphthalene.  Thus  increase  of  pressure 
diminishes  the  luminescence  of  some  vapours  while  it  greatly  increases  that 
of  others.  Examination  of  the  behaviour  of  a  number  of  vapours  boiling 
under  atmospheric  pressure  shows  that  the  aromatic  compounds  luminesce 
much  more  strongly  than  the  aliphatic  compounds.  The  luminescence  is 
shown  by  hydrocarbons,  amines,  and  phem>ls.  It  is  extremely  faint  in  the 
case  of  benzene  itself  ;  much  stronger  in  the  case  of  naphthalene,  diphenyl, 
anthracene,  and  other  compounds  containing  more  than  one  benzene  nucleus. 
The  remainder  of  the  paper  is  chiefly  of  interest  to  the  chemist.  The  author 
believes  that  a  systematic  examination  of  the  behaviour  of  aromatic  com- 
pounds may  throw  much  light  on  their  constitution.  D.  E.  J. 

123.  Propagation  of  Electric  Oscillations  in  Dielectrics,  A.  Turpain. 
(Comptes  Rendus,  129.  pp.  670-672,  October  30,  1899.)— The  results  of  the 
experiments  made  by  Arons  and  Rubens,  Cohn  and  Zeemann,  and  by 
Blondlot,  can  be  equally  well  used  to  support  either  Maxwell's  theory  or 
Helmholtz's  theory  as  modified  by  Duhem.  The  author  has  recently  made 
experiments,  the  results  of  which — after  making  certain  assumptions  as  to  the 
effects  of  transversal  and  longitudinal  displacements  upon  the  resonator — are 
free  from  this  ambiguity.  His  conclusions  are  in  accordance  with  the 
Helmholtz-Duhem  theory.  D.  E.  J. 

124.  Transference  of  Electric  Waves  from  one  Conductor  to  another.  M.  G. 
Qutton.  (Annal.  Chim.  Phys.  18.  pp.  6-76,  September,  1899.) — Various 
arrangements  were  examined  in  which  waves  in  one  wire  induced  waves  in 
a  neighbouring  one.  In  Part  I.  the  secondary  and  primary  wires  lay  in  the 
same  line,  their  ends  adjacent.  These  were  formed  into  what  were  the 
coatings  of  a  Leyden  jar  under  various  conditions.  It  was  proved  by 
numerous  experiments  that  the  phase  period  and  damping  remained 
unaltered  in  the  secondary.  The  phase  was  ascertained  by  causing  the 
primary  and  secondary  to  act  simultaneously  on  the  same  resonator,  the 
damping  by  means  of  Bjerknes'  electrometer  method. 

In  Part  II.  the  primary  and  secondary  wires  lay  parallel  for  a  short  portion 
of  their  length.  For  this  purpose  the  two  primary  wires  carrying  the  waves 
from  either  side  of  the  oscillator  were  bridged  across  at  their  ends,  and  the 
secondary  wires,  also  joined  across,  were  placed  so  that  for  a  short  distance 
ihey  ran  close  to  the  primary  wires.  It  was  proved  by  experiment  that  the 
direction  of  the  electric  force  in  the  secondary  system  was  reversed,  a  change 
in  phase  of  half  a  period.  The  period  and  damping,  as  before,  were  proved 
to  be  unaltered.  It  was  also  shown  that  to  get  maximum  effect  in  the 
secondary,  the  portions  of  the  primary  and  secondary  wires  running  close 
together  should  be  J  X  on  each  side  of  the  point  of  junction  of  the  primary 
wres. 

In  Part  III.  the  position  on  the  primary,  where  the  secondary  wires  were 
brought  into  proximity,  was  moved  away  from  the  end — that  is,  away  from 
the  position  where  the  electric  force  is  a  minimum.  The  ends  of  the 
secondary  being  now  disconnected  a  change  in  phase  of  half  a  period  could 
be  obtained,  or  not,  according  as  the  ends  of  the  secondary,  where  the 
induction  took  place,  were  turned  up  or  down  the  primary  lines. 

In  Part  IV.  the  lines  of  force  in  the  neighbourhood  of  a  resonator  we 
experimentally  studied  by  means  of  a  coherer.  F.  T. 
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126.  Coherer  Repeater.  G.  Dary*  (felectricien,  18.  pp.  212-214,  Sep- 
tember 80, 1899.) — Guarini  shields  the  receiving  wire  from  the  effects  of  his 
retransmitted  signals  by  a  metal  sheath  on  one  side.  M.  O'G. 

126.  Measurement  of  Coherer  Currents,  A.  Trcwbridge.  (Amer.  Journ. 
Sci.  8.  pp.  199-205,  September,  1899.)  —  An  electromagnetic  disturbance 
induces  a  static  wave  in  a  conductor  whose  direction  is  the  same  as  the  lines 
of  electric  force  from  the  source  of  disturbance.  This  static  wave  was 
imitated  by  a  condenser  discharge  in  order  to  test  the  relation  between  the 
quantity  of  electricity,  its  potential,  and  the  amount  of  cohesion.  Marconi's 
coherer  was  found  to  give  disc6rdant  results,  and  therefore  Branly's  type 
with  bicycle  balls,  9'6  mm.  diameter  in  a  glass  tube  was  used.  The  resistance 
was  adjusted  to  2,000  ohms  by  pressure.  For  a  constant  quantity  of  elec- 
tricity the  resistance  fell  more  when  the  potential  applied  to  the  coherer  was 
higher,  but  below  a  critical  potential  (8  volts  for  this  particular  coherer)  it  did 
not  fall.  The  potential  used  on  the  relay  should  be  kept  below  this  figure 
The  discharge  was  aperiodic.  Reference  is  made  to  Branly  (Compte! 
Rendus,  cxi.),  Dorn  (Wied.  Ann.  1.  xvi.  p.  146),  and  Aschkinass  (Wied 
Ann.  xvi.  p.  284).  M.  O'G 

127.  Action  of  a  Coherer,    R.  Malagoli.     (N.  Cimento,  10.  pp.  279-28S 
October,  1899.)— Tommasina's  discovery  of  conducting  chains  among  th< 
particles  of  a  coherer  may,  according  to  the  author,  be  further  illustrated  b 
placing,  at  the  bottom  of  a  beaker  filled  with  petroleum  or  vaseline  oil, 
metallic  disc  carrying  a  layer  of  brass  turnings,  surmounted  by  a  sma 
metallic  sphere  connected  with  a  feeble  influence  machine.    The  first  phi 
nomenon  observed  is  the  "  electric  dance  "  of  the  particles  discharging  th 
electric  charge  by  convection.     On  diminishing  the  distance  between  tb 
disc  and  the  sphere,  a  moment  arrives  at  which  a  number  of  particles  fon 
themselves  into  a  chain,  and  a  spark  proceeds  along  the  chain,  welding 
together,  while  all  the  loose  particles  fall  back  on  to  the  disc.     It  is  clear  th' 
the  rate  of  oxidation  of  a  metal  has  less  influence  upon  the  behaviour  of  tl 
chain  than  has  its  fusibility.    The  dimensions  of  the  particles  will  also  ha^ 
an  important  influence,  since  upon  them  depends  the  chance  there  is  of 
chain  being  formed.  E.  E. 

128.  Hertzian  Waves  and  Coherers.  A.  Gilardi.  (felettricita,  Milan,  I 
pp.  601-604,  September  28,  1899.)— Complete  interference  is  not  secured  1 
Drude's  methods,  and  the  series  of  interference  phenomena  is  irregular.  T 
coherer  is  not  a  suitable  instrument  for  exploring  maxima  and  minima.   A. 

129.  Vacuum  Tubes  as  Wave  Detectors.  A.  Righi.  (N.  Cimento,  8b 
pp.  44-49,  1898.) — The  author  has  designed  a  vacuum  tube  showing  a  CC 
tinuous  streak  of  light  between  the  two  electrodes,  which  under  the  influes 
of  electric  waves  breaks  up  into  the  usual  succession  of  positive  strata,  dl 
space,  and  kathode  light.  The  original  appearance  is  restored  when  i 
waves  cease.  The  breaking  up  is  accompanied  by  a  lowering  of  the  resis^ui 
The  author  does  not  give  details  of  the  construction  of  the  tube.  E.  E, 

130.  Opacity.    O.   Lodge.      (Phys.  Soc,   Proc.   16.   pp.  84^-386,  li 
Presidential  address  to  the  Physical  Society.}— In  this  address  the  author  i 

cusses  opacity  from  the  point  of  view  of  the  electromagjieUc  theory  of  Ik 
-^  experiments  in  inductive  telegraphy,  the  question  was  s\igg|fc^<^Vio;^ 
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intervemng  layers  of  moderately  conducting  matter  were  able  to  act  as  a 
screen  preventing  the  induction  sought  The  treatment  has  reference  to 
Vazicell's  Electricity  and  Magnetism  (Chapter  20),  where  for  cases  of  high 

coodoctivity  he  gives  the  equation  -r5=  —  -^j  • 

aJT        9      at 

Here  F  may  be  any  vector  representing  the  amplitude  of  the  disturbance, 

and  9  is  the  electrical  resistance  of  the  medium.    The  formal  solution  is — 


or — 


T^-\-^)      co,\pt-(^JLfyx'^ 


giving  a  distorted  wave,  different  wave-lengths  travelling  with  different 
Telocities — known  as  the  diffusion-case. 

The  author  compares  this  with  Fourier's  equation  of  conduction  of  heat, 

d*^_^cp  dB 
(L^"  k  dt* 

in  which  cp  is  capacity  for  heat  and  k  is  heat  conductivity.  It  is  pointed  out 
that  heat  conductivity  and  electric  conductivity  play  opposite  parts  in  the 
two  cases,  and  this  can  only  be  explained  by  calling  in  ether  as  the  universal 
sohrent. 

Reference  is  then  made  to  Whitehead's  paper  (Phys.  Soc.  Proc.  June, 
1897).  which  was  supposed  to  support  the  conclusion  that  the  failure  to 
obtain  results  in  some  trials  of  induction  signalling  at  the  Goodwin  Sands  was 
doc  to  the  conductivity  of  the  water  mopping  up,  so  to  speak,  the  induced 
currents.  The  author  quotes  and  gives  in  cxtenso  3.  paper  of  Heaviside's  on 
L*iis  question  :  also  he  suggests  another  explanation  of  his  own. 

Maxweirs  equation  for  cases  where  the  conductivity  of  the  medium  is 
reiativelv  small  is — 

which  leads  to  a  solution  of  the  same  form  as  (1),  namely,  F  =  €  ^^  "^ ''  ,  but 
with  a  different  value  of  Q. 

MaxweU's  treatment  of  this  equation  is  discussed  and  compared  with 
Heariside's.  For  luminous  frequency  and  bad  conductors  the  solution  takes 
the  form — 

F  =  F.t     ~^''  cos /i  (/-?), 

which  is  the  equation  applied  by  Maxwell  to  calculations  of  opacity. 

The  other  extreme  case,  diffusion,  is  compared  with  the  transmission  of 
slow  signals  by  submarine  cables.  Dr.  Lodge  then  introduces  Heaviside's  at 
unverified  theory  of  magnetic  conductance,  and  considers  its  probable 
Finally  two  other  kinds  of  opacity  are  considered,  namely,  one  not 
with  conductivity  but  due  to  variation  of  the  constants,  K,  /i.  This 
of  boundaries.  Secondly,  opacity  like  (says  the  author)  that  of  lamp- 
in  which  the  molecuJcs  appear  to  take  up  energy  directly  and  convert 
t  r«*"  their  owm  motion.  The  author  accepts  the  theory  of  Heaviside  that  a 
'M  wire  is  to  be  regarded  as  the  transmission  of  a  wave  in  the 


48  SCIENCE   ABSTRACTS. 

space  surrounding  the  wire.  The  opacity  of  gold  leaf  is  discussed  and  a 
method  pointed  out  by  which  some  part  of  the  discrepancy  between 
theory  and  observation  may  be  removed.  Attention  is  called  to  a  new  theor>' 
of  Heaviside's  concerning  the  reflection  of  light  at  the  two  surfaces  of  a  thin 
film,  and  this  is  discussed  with  reference  to  the  theories  of  Drude,  J.  J. 
Thomson,  and  others.  Heaviside's  notes  on  electrical  waves  in  sea- water  is 
given  in  full  in  the  appendix.  S.  H.  B. 

131.  Alternate  Current  Arcs.  (Instit  Elect.  Engin.,  Journ.  28.  pp.  465-474, 
August,  1899.) — This  is  a  discussion  on  Duddell  and  Marchant's  paper  (see 
1899,  Abstract  No.  829). 

L.  Andre vrs  showed  some  diagrams  from  a  photographic  record  of  the 
current  curves  from  two  alternators  in  parallel  and  the  E.M.F.  curve  from  a 
transformer  excited  off  the  'bus  bars. 

J.  A.  Fleming  referred  to  the  unidirectional  arc  between  a  metal  and 
carbon,  and  mentioned  the  close  analogy  of  the  experiments  he  made  in  1890. 
In  these,  when  a  single  cell  and  galvanometer  were  connected  between  a 
middle  insulated  plate  and  the  negative  terminal  of  a  glow-lamp,  the  current 
could  only  flow  across  the  vacuous  space  when  the  negative  pole  of  the  cell 
was  in  connection  with  the  hot  carbon.  He  thought  that  if  in  the  unilateral 
zinc-carbon  arc  the  metal  pole  were  heated  with  an  oxyhydrogen  flame,  the  arc 
would  no  longer  be  unilateral.  With  regard  to  the  electrolytic  theory  of  the 
arc,  he  assumes  that  carbon  molecules  are  broken  up  into  ions  which  are 
drawn  in  the  opposite  direction  by  the  electric  force  ;  if  they  are  monatomic 
metals  this  process  cannot  go  on.  Another  thing  he  found  was  that  there  is  a 
distinct  lag  between  the  light-curve  of  the  alternating  arc  and  the  current  j 
they  are  not  in  step  with  one  another. 

S.  P.  Thompson  remarked  that  in  the  alternating  current  arc  the  curreni 
does  not  entirely  keep  step  with  the  voltage,  and  asked  whether  this  is  due  tc 
the  arc  acting  as  a  self-induction  to  produce  a  lag  or  as  a  capacity  to  produce 
a  lead  ;  but  by  referring  to  Duddell's  diagram  he  found  that  there  is  no  lag  if 
a  great  many  cases,  that  the  potential  difference-curve  starts  and  ends  a' 
absolutely  the  same  place  as  the  current-curve,  and  yet  the  arc  acts  so  that  it 
some  way  or  other  it  is  out  of  phase  ;  so  he  finally  came  to  the  conclusion  tha 
both  effects  in  fact  occur. 

Duddell  and  Marchant,  in  their  reply,  siiid  that  they  attempted  to  foro 
the  current  to  flow  in  both  directions  through  the  steady  metal-carbon  arc  b; 
increasing  the  self-induction  in  series  with  it  and  the  E.M.F.  of  the  alternato 
until  the  instantaneous  value  of  the  P.D.  tending  to  force  the  current  fron 
carbon  to  metal  rose  to  between    500  and  600  volts,  but   without  succesi 
Heating  the  metal  electrode   did  not  destroy  the  unilateral   nature  of  th 
arc.    While  cooling  the  carbon  they  found  that  the  maximum  instantaneow 
value  of  the  current  was  slightly  larger  when  it  flowed  from  the  solid  carbo 
to  the  cooled  carbon  than  when  it  flowed  in  the  opposite  direction.     In  eac 
experiment  they  were  obliged  to  regulate  the  arc  length  to  allow  for  the  cor 
sumption  of  the  carbons,  but,  as  long  as  the  conditions  of  the  dynamo  an 
circuit  remained  the  same,  it  was  found  that  regulation  of  the  arc  length  so  s 
to  keep  the  P.D.   between  its  terminals  constant  resulted  in  constant  ai 
length,  as  well  as  constant  current  and  power  supplied  to  the  arc.    The 
/inaJ/y  state  that  the  oscillograph,  having  a  periodic  time  of  ^iAih  to  ^j^^i 
of  a  second,  can  easily  be  used  to  record  high-speed  telegraphic  curren 
^  AS  /ar^e  as  SO  or  40  mUlUmperes,   but  cannot  be   u^d  lot   leV^v^on 
)^arrcnts,  as  it  is  not  yet  sensitive  enough,  ^.CA 
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132.  Exact  Capacity  of  Submarine  Cables.  J.  E.  Young.  (Instit.  Elect. 
Engin..  Journ.  28.  pp.  475-489.  Discussion  pp.  489-608,  August,  1899.)— The 
author  discusses  the  difficulties  arising  from  (1)  The  insufficient  definition  of 
the  quantity  sought  for,  which  is  a  function  of  the  time  of  charge ;  (2)  The 
difference  of  rates  of  absorption  of  cables  and  standard  condensers  ;  (8)  The 
variation  of  absorption  of  both  cables  and  condensers  with  time  and  with 
temperature  ;  and  (4)  Leakage  errors. 

A  modification  of  the  Thomson  test  is  described.   In  this  both  leakage  and 
absorption  are   balanced   by  observation  and  adjustment  during  charging, 
absorption  in  this  case  being  treated  as  apparent  improvement  of  dielectric 
resistance,  i.^.,  the  condensers  are  shunted  by  a  resistance  which  is  adjusted  till 
it  approximately  balances  the  apparent  dielectric  resistance  of  the  cable  at  any 
time  of  charge.     Thirty  seconds  is  given  as  a  standard  time  of  charge  when 
testing  conductor  resistance  and  inductive  capacity.     In  the  discussion  W.  J. 
Murphy  remarked  that  a  connection  should  be  established  between  the 
sliding  index  and  the  point  of  junction  of  the  condenser  and  cable  ;   this 
prevents  the  condenser  taking  up  the  full  potential  of  the  battery  while  the 
cable  potential  is  being  reduced.     Another  way  is  to  put  a  resistance  across 
the  condenser  inversely  proportional  to  the  capacities  of  condenser  and  cable 
and  to  the  dielectric  resistance  of  the  latter.    Tempera*ure  does  not  affect 
"free  charge  "  capacity.    A.  Siemens  claimed  that  the  speed  of  the  Commer- 
cial cable  of  1894  is  superior  to  that  of  the  Anglo-American  by  the  reduced 
sponginess  or  absorptive  quality  of  the  dielectric.     C.  Bright  wished  to  have 
some  assurance  that  speeds  are  compared  when  the  definiteness  of  the  signals 
is  the  same,  or  with  a  standard  set  of  instruments  and  a  standard  type  of 
Mgnals.    He  preferred  testing  a  cable  for  continuity,  by  capacity  measure- 
ments to  a  sealed  end.     Taylor :  The  practice  of  calculating  the  speed  of 
any  jjiven  cable  on  the  basis  of  an  empirical  constant  derived  from  actual 
obMTved  speeds  of  some  other  cable  is  wrong.     The  longer  the  cable  the 
bitter  the  speed  constant.     A.  Dearlove  :  A  standard  time  of  charge  should 
K-  adopted.     Increasing   temperature   was   found  to  lower   the  capacity  of 
k'uttapercha   cores   by  002   per   cent,   per   degree   Fahr.      Murphy :   The 
capacity  test  should  be  taken  when  the  curve  of  electrification  of  a  cable 
hecomcs  sensibly  horizontal.     An  eleven-strand  cable  clearly  increases  the 
>elf-induction  of  the  cable,  and  the  Telegraph  Construction  Company's  taped 
core  will  do  so  still  more.     A  standard  time  is  unnecessary.  M.  O'G. 

133.  Dielectric  Constant  in  Solid  and  Liquid  States.  R.  Abegg  and 
W.  Seitz.  (Zeitschr.  Phys.  Chem.  29.  pp.  491-493,  July  28, 1899.)— The  object 
ot  these  experiments  was  to  observe  the  changes  which  take  place  in  the  value 
of  the  dielectric  constant  of  a  crystalline  solid  as  it  gradually  cools  in  the 
liquid  state  and  then  slowly  crystallises. 

The  solid  experimented  upon  was  p-Azoxyanisol.  This  solid  melts  at 
about  95"^  to  a  viscous  opaque  liquid  which  gradually  becomes  more  trans- 
parent as  the  temperature  rises  until,  at  134°,  it  is  perfectly  clear  and 
transparent.  The  dielectric  constant  of  the  liquid  above  134°  is  fairly  con- 
^tant,  about  4*0  ;  then,  as  the  temperature  falls  below  134°,  the  dielectric 
constant  slowly  rises  until,  at  95°,  it  is  4  3.  At  this  temperature  (at  which  the 
crystallisation  begins)  a  great  change  takes  place,  tlie  dielectric  constant 
falling  very  rapidly  as  the  liquid  crvstallises,  until  when  all  is  solid  at  about 
«f  the  constant  is  2-3.  J.  H.  H. 

134.  Dielectric  Constant  of  Stretched  Glass.  O.  M.  Corbino.  (Accad 
Lincci  Atti,  8.    pp.    288-244,    November    6,  1899.)— In    reply   to   Ercolin: 
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criticism  (see  1899,  Abstract  No.  464),  the  author  maintains  that  the  dielectric 
constant  of  glass  does  not  increase  under  a  pulling  stress.  The  interpreta- 
tion put  by  Ercolini  upon  one  of  his  experiments  contradicts  the  fundamental 
electrbstatical  law,  that  if  a  conductor  A  possesses  a  constant  charge- at  a 
potential  Vi,  and  another  conductor  B  at  potential  Vj  entirely  surrounds  the 
former,  the  introduction  of  any  dielectric  only  reduces  the  potential  of  A 
without  affecting  that  of  B.  E.  E.  F. 

186.  Temperature-coefficient  of  Dielectric  Constants :  Change  from  Liquid  to 
Solid  State.     R.  Abegg  and  W.   Seitz.      (Zeitschr.   Phys.  Chem.  29.  pp. 

*242-248,  1899.)— Abegg's  formula  ^=  — TizyD  is  found  by  Nernst's  method 

to  give  good  agreement  for  the  liquid  alcohols  at  temperatures  as  low  as 
— 140°,  and  for  nitrobenzene  down  to  — 9°,  in  contradiction  to  the  Clausius* 
Mossotti  and  Gladstone  formulas.  (See  also  Ratz,  Zeitschr.  Phys.  Chem.  19. 
p.  94,  1896,  and  Philip,  ibid.  24.  p.  18,  1897.)  On  solidification  the  dielectric 
constant  drops  suddenly  and  enormously. 

The  increase  of  viscosity  of  the  alcohols  to  a  glassy  solid,  which  is  to  the 
eye  a  continuous  change,  is  shown  by  the  dielectric  CQnstant  to  be  a  sharp 
change  of  state,  the  telephone  sound  becoming  uncompensatable  and  after- 
wards giving  again  a  minimum  in  a  widely  different  position.  The  insiblc 
change  from  glass  to  crystalline  solid  takes  place  without  change  of  the 
dielectric  constant.  B.  B.  T. 

136.  Electrothermal  Relations.  F.  Kohlrausch.  (Preuss.  Akad.  Wiss. 
Berlin,  S.ber.  88.  pp.  711-718,  July  27,  1899.>— In  a  previous  paper  (Pogg. 
Ann.  156.  601,  1875)  the  author  considered  the  thermal  equilibrium  of  an 
electrically  heated  cylinder  on  the  assumption  that  the  ratio  of  the  electric  tc 
the  thermal  conductivity  is  constant ;  that  assumption  is  not,  however,  justi^ 
fied  by  experiment,  and  the  present  paper  is  an  attempt  to  consider  th( 
problem  on  a  more  general  basis. 

Let  the  electric  potential  at  a  point  Xy  jy,  e  in  a  uniform  medium  be  v  am 
the  temperature  at  that  point  u.  Let  k  be  the  electric  and  \  the  therma 
conductivity  of  the  medium  :  these  quantities  being  functions  of  the  tempera 
ture  only.  Then,  when  the  stationary  condition  is  reached,  the  equilibrium  i: 
generation  and  flow  of  heat  is  expressed  by — 

'I      ^  /  ^u\      ^  fju\      c  (  ^l/\  (1) 

where  the  potential  is  subject  to  the  condition — 

f:^    ~^f  ^^  K  \dx  Sx    Sy  iy    fz  Yz) 

(depending  on  Ohm's  law) ;  but  as  k  and  \  depend  on  the  temperature  onl 
we  may  write  the  total  differential  coefficients — 

dK  ,  ,  ^^  y 
-J-  ^ic  and  -J  =A 
du  du 

and  get — 

<^t'     ^2'    o^'_      K  fSu  ^v    ou^Sv    cu  c%^\  (2a 

First  consider  the  case  of  a  cylindrical  conductor  whose  end  faces  ; 
(different)  equipotential  surfaces,  and  whose  sides  are  both  electrically  a 
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thermally  isolated.    The  solution  can  then  be  shown  to  depend  neither  on  k 
nor  an  X,  but  only  on  the  ratio  kjX.     It  is — 

where  A  and  A'  are  constants.  Hence  by  determining  the  temperatures  and 
potentials  at  three  points  A  and  A'  can  be  ehminated,  and  the  ratio  of  conduc- 
tivities found.  This  is  proposed  as  a  method  of  measuring  the  thermal 
conductivity  of  a  bar  in  terms  of  the  easily  measured  electric  conductivity, 
and  has  been  carried  out  by  Jaeger  and  Diesselhorst  (see  following  Abstract), 
using  such  small  differences  of  temperature  that  k/X  may  be  regarded  as 
constant. 

Next,  if  the  conductor  is  of  any  shape,  but  is  thermally  and  electrically 
isolated  at  all  points  of  its  surface  except  two  areas  through  which  the  current 
is  supplied,  and  are  consequently  two  (different)  equipotential  surfaces,  it  may 
be  shown  that  the  same  solution  holds.  Hence,  if  the  bar  experimented  on 
be  not  exactly  cylindrical  and  be  interrupted  by  holes  in  which  to  place 
thermocouples  and  so  on,  the  method  will  still  be  exact,  provided  the 
temperature  and  potential  be  measured  at  precisely  the  same  point,  and  that 
the  loss  of  heat  by  radiation  may  be  neglected. 

It  is  obvious  that  the  temperature  reached  by  the  bar  under  the  above 
conditions  will  be  the  highest  to  which  it  can  be  raised  by  the  given  electro- 
motive force.  If  the  ends  of  the  bar  are  at  the  same  temperature  the  middle 
point  ^ill  be  hotter  by — 

i(t'i— r>)* 

(T 

where  i*!  i-i  are  the  potentials  of  the  ends  and  <r  is  the  mean  value  of  r/\. 
The  lowest  value  of  kjX  is  about  6-4xl0~*^  volts/degree.  Hence  001  volt 
potential  difference  will  raise  the  centre  of  the  bar  by  2°. 

In  considering  large  differences  of  temperature  wc  must  make  an  assump- 
tion as  to  the  dependence  of  «c/\  on  u.  Assuming,  with  Lorenz,  that  it  is 
inversely  proportional  to  the  absolute  temperature,  we  find  that  01  volt 
would  give  163"^  rise  of  temperature,  1  volt  8,140°.  R.  A.  L. 

137.  Conductivity  for  Heat  and  Electricity,  Heat-Capacity  and  Thcnno-electric 
Po-d'er  of  Certain  Metals.  W.  Jaeger  and  H.  Diesselhorst.  (Preuss.  Akad. 
Wiss.  Berlin,  S.ber.  38.  pp.  719-726,  July  27,  1899.)~The  ratio  of  the  heat 
conductivity  X  to  the  electric  conductivity  k  is  here  investigated,  for  pure  Zn, 
^n,  Ph,  Cu,  Cd,  Bi,  Ni,  Al,  Ag,  Fe,  Pt.  Pd,  Au,  and  for  a  steel,  cast  iron  and 
constantan  {'i  Ni,  f  Cu),  by  Kohlrausch's  method  wherein  the  temperatures 
^h  V,.  Vj  and  electric  potentials  Vu  vij  I's  at  three  points  of  a  homogeneous 
conductor  are  determined  when  an  electric  current  is  passing  through  it  and 
the  temperatures  have  become  stationary,  the  theory  giving — 

K  __  Vi(t',  — 1-'3)4- V^(t'3  —  ?'i)H- Vsi  ^t  —  Vj) 
X  i(Z'a— i'3J  (r-i—Vi)  (Vi—Vi) 

if  there  is  no  loss  of  heat  by  external  conduction.  The  substances  were  taken 
in  the  form  of  cyHndrical  bars  with  their  ends  fastened  to  thick  copper  blocks 
which  were  screwed  into  large  water  baths  ;  the  rods  were  placed  axially 
within  a  double-walled  cylindrical  jacket  of  copper  filled  with  wadding  and 
with  water  or  steam  passing  between  the  walls,  and  the  temperatures  were 
measured  thermo-electrically.  For  details  the  memoir,  which  is  a  communi- 
cation from  the  Phys.-Tech.  Reichsanstalt,  must  be  referred  to.     For  the  pi 
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metals  named  X/r  at  18°  C.  ranges  from  0-00000686  for  Al  to  0*00000962  for  Bi, 
and  at  100°  from  000000844  for  Al  to  0-00001077  for  Bi.  The  heat  capacity 
and  thermo-electric  powers  were  also  obtained  from  the  experiments. 

R.  E.  B. 

138.  Thermoelectric  Theory,  W.  Voigt.  (Wied.  Ann.  69.  8.  pp.  706-717, 
November,  1899.) — The  author  raises  some  grave  objections  to  Licbenow's 
theory  of  thermo-electric  and  electrothermal  phenomena. 

L  (dT' 
The  equation —  S"  =  r;j.  (    . . 

where  L  and  X  are  the  thermal  and  electric  conductivities,  S  the  E.M.F.,  T 
the  temperature,  and  s  the  length  of  the  cylinder,  is  not  only  faultily  derived, 
but  its  form  shows  that  the  quantity  but  not  the  direction  of  the  E.M.F.  is 
indicated.  The  apparent  agreement  of  Liebenow's  theory  with  observation  is 
no  confirmation,  since  in  his  practical  applications  no  recourse  is  had  to  the 
novel  methods  introduced.  E.  E.  F. 

139.  Peltier  Effect  in  a  Magnetic  Field,  A.  Pochettino.  (Accad. 
Lincei  Atti,  8.  pp.  50-67,  July  16,  1899.) — In  an  iron  copper  couple,  the 
the  value  of  the  coefficifent  of  the  Peltier  effect  varies  with  longitudinal  mag- 
netisation, first  increasing  to  a  maximum  value  of  0*008968  in  a  field  of  98 
c.g.s.  units,  then  decreasing  and  passing  through  its  normal  value  at  a  field- 
strength  of  about  845  units,  results  which  are  in  accord  with  Houllevigue's 
fbrmulae  (Ann.  de  Chim.  et  de  Phys.  (7)  vii.  p.  495, 1896).  The  formula  derived 
from  Houllevigue's  experiments  by  means  of  the  Thomson  equation  connect- 
ing the  Peltier  effect  with  the  thermo-electric  power  between  two  metals  is 
found  to  represent  the  facts  only  at  a  field-strength  of  700  units.  The  varia- 
tions in  the  Peltier  effect  are  independent  of  the  direction  of  the  magnetisa- 
tion, so  that  the  magnetising  current  may  be  reversed  without  affecting  the 
result.  A.  D. 

140.  Investigation  of  the  Microphone.  J.  Cauro.  (Eel.  Electr.  19.  pp. 
295-302,  383-887,  and  pp.  410-416.  1899.)— A  study  of  the  current  variations 
in  primary  and  secondary  circuits  of  the  E.M.F.  on  open  and  closed 
circuit,  of  the  energy  spent  in  a  telephone,  and  of  the  magnitude  of  the  move- 
ments of  the  diaphragm.  The  instruments  selectefi  are  described.  Alter- 
nating potentials  were  measured  by  a  Curie  electrometer  (with  Hat  mirror  and 
giving  virtual  images)  used  only  as  an  electroscope.  Alternate  currents  were 
taken  by  a  modified  electro-dynamometer  by  Giltay-Bellati  with  soft  iron  needle^ 
used  only  as  a  zero  instrument.  A  spiral  strip  oscillograph  w-hich,  however, 
required  standardising  with  an  electrometer  for  each  frequency,  was  used  and 
the  movements  of  the  strip  in  a  strong  field  noted  with  a  microscope.  $ 
telephonic  relay  having  only  the  self-induction  capacity  and  resistance  of!| 
short  straight  wire  was  made  on  the  basis  of  the  oscillograph.  There  is  prao 
tically  no  limit  to  the  number  of  such  instruments  which  might  be  placed  cm 
one  line  without  destroying  distinctness. 

The  source  of  sound  was  a  pipe  whose  lip  was  vibrated  electrically  ti 

avoid  any  movement  of  translation  of  the  air.     Sound  intensity  was  measure* 

by  observing  with  a  microscope  the  movements  of  a  rubber  membrane,  an 

incidentally  it  is  proved  that  the  movements  of  the  membrane  are  due  to  th 

-a/r  o/j/y.     The  displacements  of  microphone  and  receiver  diaphragms  wer 

measured  hy  fixing  a  glass  disc  ^bc  membranes  and  utilising  Newton's  ring 
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the  displacements  being  suitably  slowed  down  by  Lippmann's  stroboscope 
which  is  explained  and  illustrated. 

Speech  consists  of  a  series  of  musical  vowels  separated  by  stoppages  (the 
consonants),  which  give  rise  to  extra  currents  more  easily  audible  than  the 
pure  musical  notes.    All  measurements  were  made  after  the  musical  note  had 
been  established.     When  the  electrometer  method  was  used  for  current 
measurement  a  resistance  without  self-induction  or  capacity  (see  Comptes 
Rendus,  cvii.  p.  779,  1889 ;  cxx.  p.  308,  1895)  was  necessary,  and  the  poten- 
tial difiFerence  at  the  ends  of  a  known  resistance  gave  the  effective  current. 
The  table  of  results  cannot  be  abstracted,  but  the  following  is  an  example : 
With  a  distance  of  the  pipe  from  the  microphone  of  176  mm.  through  20  km. 
of  cable  with  the   loudest  note  which  did  not  produce  cracking  sounds, 
the  mean  receiver  voltage  was  2*88,  the  effective  voltage  was  2*46,  the  micro- 
phone terminal  volts  were  1*35  mean  and  1*28  effective  ;  the  current  through 
the  microphone  at  rest  was  0*078  amps.,  the  mean  current  variation  was  0*08 
and  the  effective  current  variation  was  0*28  of  the  microphone  current  when 
at  rest.     It  was  found  that  the  effective  variable  current  is  independent  of  the 
pitch,  is  pro|>ortional  to  the  amplitude  of  vibration  of  the  sound  and  is  about 
a  quarter  of  the  steady  current  which  continues  unchanged  during  transmis- 
sion.   The  effective  E.M.F.  on  open  circuit  varies  as  the  amplitude  of  sound 
and  inversely  as  the  pitch.     Sound  is  still  audible  with  one-millionth  of  an 
ampere  in  the  secondary  and  this  current  does  not  appear  to  vary  with  the 
pitch  (•*).   It  will  be  seen  that  various  notes  arc  not  affected  differently  by 
the  telephone,  and  therefore  that  timbre  should  not  be  lost  in  transmission. 
This  depends  on  the  importance  of  the  self-induction  (L)  of  the  usual  apparatus 

whose  apparent  resistance  is  -v/R*H-  LV,  namely,  at  600  periods  R*  is  about 
IV,  whereas  LV  is  about  50x10*.  On  a  long  distance  line  like  Paris-Mar- 
seilles the  apparent  self-induction  of  both  line  and  insulation  is  a  few  hun- 
dredths of  a  henry  so  that  R*  is  of  the  order  10^  and  LV  is  2x  10^  Hence, 
abfar  as  distortion  of  sound  is  concerned,  the  line  acts  as  a  resistance  which 
is  not  as  important  as  the  apparent  resistance  of  the  apparatus  :  the  latter 
depends  mainly  on  the  pitch  and  the  self-induction.  M.  O'G. 

141.  Photoelectric  Phenomena.  E.  R.  v.  Sch^veidler.  (Akad.  Wiss, 
Wien.,  S.ber.  108.  pp.  273-279,  1899.)— According  to  Stoletow  and  Branby 
the  photoelectric  current  increases  with  increasing  potential  difference,  but 
more  slowly  than  the  latter,  and  appears  to  approach  an  upper  limit.  On  the 
other  hand.  Elster  and  Geitel  found  a  potassium  cell  behave  in  just  the 
opposite  way  ;  the  current  increased  much  more  rapidly  than  the  potential 
difference  of  the  electrodes.  Kreusler  also  found  that  the  photoelectric  cur- 
rent increases  with  very  great  rapidity  in  the  neighbourhood  of  the  discharge- 
potential  (i.e.,  the  potential  at  which  spark-discharge  begins). 

The  author's  experiments  confirm  Kreusler' s  results.  Although  the  galva- 
nometer readings  are  irregular,  they  show  clearly  that  from  a  given  point 
onwards  the  current  increases  more  rapidly  than  the  potential  difference  of 
the  electrodes.  At  low  pressures  this  behaviour  begins  at  potentials  which 
are  relatively  small  (compared  with  the  discharge-potential) ;  at  atmospheric 
pressure  it  only  begins  in  the  neighbourhood  of  the  discharge-potential,  and 
is  then  ver^-^  rapid.  D.  E.  J. 

142.  Measurement  of  Variable  Discharges.     C.  Heinke.     (Wied.  Ann.  69. 
8.  pp.  612-^25,  November,  1899.) — In  addition  to  the  stationary  continue 
cnrrent  discharge  and  the  symmetrical  alternate  current,  attention  has  rec< 
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from  proportionality  between  the  piezoelectric  moments  and  the  pressures 
are  quite  small.  At  the  higher  pressures,  quartz  shows  a  deficiency  of  piezo- 
electricity charge,  while  tourmaline  shows  a  slight  excess  over  the  expected 
value.  E.  E.  F. 

160.  Wire-resistance  Paradox.  P.  Girault.  (Ind.  Elect.  8.  pp.  418-414, 
September  25,  1899.) — Consider  two  metals,  having  similar  physical  constants, 
except  as  regards  resistivity,  and  let  there  be  two  wires  made,  one  from  each 
of  the  metals,  and  let  the  wires  be  of  unequal  lengths  and  diameters,  but  of 
equal  resistance.  The  author  writes  down  the  equation  for  the  (equal)  heat 
generated  in  each  wire,  using  the  ordinary  C'R  formula,  R  on  each  side 
of  the  equation  being  expressed  in  terms  of  the  lengths,  diameters,  and 
resistivities.  He  then  substitutes  the  respective  volumes  in  those  expressions. 
It  is  thus  shown  that  the  diameters  and  volumes  vary  directly  as  the  cube 
roots  of  the  resistivities,  and  inversely  as  the  diameters  of  the  wires.  Hence 
it  appears  that  by  emplo3ring  a  metal  of  less  resistivity  a  resistance  wire  may 
be  made  of  less  volume.  This  "  paradox "  is  explained  by  the  consideration 
that  the  volume  is  in  practice  determined  by  the  cooling  surface — i.e.,  by  the 
heat  lost,  and  not  alone  by  the  heat  generated.  R.  A. 

161.  Resistance  of  Amalgams.  R.  S.  Willows.  (Phil.  Mag.  48.  pp.  483- 
466,  November,  1899.) — The  variations  of  the  electric  resistance  of  amalgams 
of  zinc,  cadmium,  tin,  and  magnesium  with  temperatiwe  are  here  experi- 
mentally investigated.  The  results  are  given  in  the  form  of  curves,  some  of 
which  have  very  peculiar  forms,  the  curve  for  falling  temperature  being 
in  some  cases  quite  different  from  that  for  rising  temperature.  This  is 
particularly  the  case  with  the  zinc  amalgams,  in  which  at  certain  temperatures 
(depending  on  the  percentage  composition  of  the  amalgam)  very  sharp  bends 
occur  in  the  curves,  indicating  some  rapid  changes  in  the  chemical  structure 
of  the  amalgam.  In  some  of  the  amalgams  these  bends  occur  only  where  a 
change  of  state  takes  place,  but  in  others  they  occur  where  no  external 
change  is  apparent. 

The  variations  of  other  physical  properties  of  the  amalgams  with  tem- 
perature are  also  experimentally  determined,  and,  in  the  case  of  a  zinc 
amalgam,  the  time  curve  of  absorption  and  emission  of  heat  under  delinih 
conditions  shows  steady  parts  corresponding  to  the  angular  bends  in  th< 
resistance  curve. 

The  author  considers  also  what  theoretical  structure  of  the  amalgan 
would  give  the  observed  results,  and  obtains  one  analogous  to  that  whici 
Guillaume  supposes  to  exist  in  nickel  steel  in  order  to  explain  its  peculia 
physical  properties.  J.  B.  H 

162.  Absolute  Determination  of  the  Kilohm,  A.  Quillet.  (Journ.  d 
Physique,  8.  pp.  471-477,  September,  1899.) — ^I'he  method  of  determinatio 
is  analogous  to  that  due  to  Lippmann.  A  Thomson  galvanometer  is  woun 
differentially.  One  of  the  pairs  of  coils,  of  resistance  G»  receives  per  secon 
n  discharges  of  the  value  ^,  and  the  other  pair  of  coils  of  resistance  Gi 
compensating  current  of  intensity  i.  When  a  balance  is  obtained  tl 
relation — 

nq  =  i 
IS  ssitisBed, 

Induction  being  produced  in  a  circuit  of  resistance  r,  bclvKieu  two  co 


ELECTRICITY.  57 

B,  6  o£  mutual  induction  M,  by  the  make  or  break  of  a  current  I,  we 

have — 

MI 

V 

Also  I=s   where  V  is  the  potential  difference  between  the  ends  of  the 

MX 

resistance  R  carrying  the  current  I.  The  compensating  circuit  is  formed 
by  a  resistance  R,  and  a  variable  resistance  S  as  a  shunt  to  the  windings  Gi, 
so  that  putting — 


wc  get— 


and  obtain  the  equation — 


whence — 


S-hG, 
V 


S  -h  G,  •  R 


yiM_      S         1 
rR  ""iS  +  GiR' 

G,\    R' 


R  =  ,iM(l  +  f).^  (1) 


The  coils  Gi  and  Gj,  traversed  by  the  same  current,  do  not  generally  have 
eqoal  effects  on  the  galvanometer  needles,  so  that  equation  (1)  requires 
modification.     Suppose  that — 


R  =  ^«m(i  +  |').^'  (2) 


where  the  value  of  />  depends  upon  the  relative  positions  of  the  coils  and  the 
needles. 

Now  interchange  the  coils  Gi  and  Gj,  and  again  adjust  to  equilibrium, 
obtaining  an  equation — 

•^=,-•"'^(^  +  1)?  <^^ 

On  multiplying  (2)  and  (3)  and  putting — 

G,  G,     .       R'     ^        R( 

we  get— 

R  =  M  >/nti'  (l^y^){i-^y,)\X. 

Another  correction  has  yet  to  be  applied.  When  the  inductive  circuit  is 
broken  the  difference  of  potential  V  takes  a  new  value  Vi.  Consequently 
the  compensating  current  is  not  constant,  it  varies  very  little  on  account  of 
the  small  resistance  of  the  battery  used. 

Let  /  be  the  time  during  which  the  inductive  and  compensating  circuits 

Vi' 
are  simultaneously  active,  and  let  ft==_  ;  we  can  then  proceed  as  if  the  com- 
pensating circuit  were  subjected  to  a  constant  potential  difference — 

<•  =  [  / 4-  6  { 1  -  / ) \  V  =  ^-  V  (sav). 

R  is  then  finallv  calculated  from  the  formula — 
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• 


Working  on  this  formula,  in  which  M  is  wound  so  as  to  be  easily  calculable, 
the  author  arrives  at  106*2  centimetres  of  mercury  as  the  value  of  the  ohm. 

W.  G.  R. 

153.  Absolute  Determination  of  the  Kilohm,  A.  Guillet.  (Eel.  Electr.  20. 
pp.  161-171,  August  6 ;  pp.  212-218,  August  12 ;  pp.  288-291,  August  26 ; 
pp.  328-836,  September  2;  pp.  876-880,  September  9,  1899.  See  also 
preceding  Abstract.) — In  this  series  of  articles  the  author  gives  a  complete 
historical  summary  of  the  methods  adopted  in  the  direct  absolute  deter- 
mination of  the  kilohm,  paying  particular  attention  to  Lippmann's  method, 
upon  which  his  own  method  is  based.  W.  G.  R. 

164.  Measurement  of  Internal  Resistance  of  Accumulators.  E.  C. 
Rimington.  (Elect.  Rev.  46.  pp.  628-624,  October  20,  1899.)— A  varietj 
of  ways  are  described,  all  based  on  a  comparison  of  the  potential  difference 
of  two  similar  cells,  the  one  discharging,  the  other  on  open  circuit  oi 
practically  so.  It  is  worked  out  as  a  condenser,  as  a  differential  galvano 
meter,  and  as  a  Wheatstone  bridge  method ;  and  modifications  of  the  latte 
are  given  by  means  of  which  errors  due  to  polarisation  may  be  eliminated. 

E.J.  W 

166.  Current  Strength  in  Three-pointed  Star  Systems,  A.  E.  Kennell^ 
(Elect.  World  and  Engineer,  84.  pp.  268-270,  August  19,  1899.)— The  currer 
strengths  in  three-pointed  star  resistance  systems  are  calculated  by  the  metho 
of  vectors.    The  results  arrived  at  are — 

;^ e^rir^  —  ^j^ri 


«jr,= 


rir»-+-r,rs-|-rsri' 


where  ^i,  Cj,  d  are  the  E.M.Fs.  between  the  respective  pairs  of  termins 
n,  Ti,  ra  the  impedances  of  the  three  circuits  and  I'l,  it,  is  the  currents  flbwi 
in  them.  W.  G. 

156.  Equivalence  of  Triangles  and  Stars  in  Conducting  Networks,    A. 
Kennelly.    (Elect.  World  and  Engineer,  34.  pp.  413-414,  September 
1899.) — Calculations  relating  to    conducting  networks  may  be    frequer 
simplified  by  replacing  a  delta  or  triangle  grouping  of  conductors  betwi 
any  three  points  by  a  star  or  Y-grouping,  or  vice  versa.    As  an  example  of 
simplicity  which  may  result  from  such  a  substitution,  the  author  consid 
the  case  of  the  Wheatstone's  bridge,  fig.  3.     The  calculation  of  the  impeda 
between  the  points  A  and  C  when  the  bridge  is  unbalanced  is  a  com) 
problem.     But  if  we  replace  the  A  B  C  D  by  its  equivalent  Y,  as  in  fig.  4 
if  we  replace  the  Y  consisting  of  DA,  DB,  and  DC  by  its  equivalent  A,  a 
fig.  5,  then  the  problem  is  greatly  simplified.    The  following  are  the  1 
according  to  which  such  substitutions  have  to  be  effected  :  (1)  The  impeds 
o/'a  Y-branch  lying  between,  or  replacing,  a  pair  of  delta-sides  is  equal  to 
product  of  the  Impedances  of  those  sides,  divided  by  the  impedance  of  th 
considGred  as  a  simple  closed  circuit.    Thus,  if  fvgs.  1  and  ^  deuote  equiva 
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ami^ements,  then  Zf^^ZxI^iZi  -I-  Zi  +  Zs),  and  so  on.  (2)  The  admittance  of 
2  deha-side  corresponding  to,  or*  replacing,  any  two  Y-branches  is  equal  to 
the  product  of  the  admittances  of  those  branches,  divided  by  the  sum  of  the 
jdmittaoces  of  all  three  branches.  If  the  three  conductors  contain  E.M.Fs., 
then  in  replacing  a  A  by  its  equivalent  Y  the  equivalent  E.M.Fs.  in  the  Y- 
branches  are  determined  as  follows :  Draw  the  vector  E.M.F.  diagram  of  the 


nC!v    I    AND  2.— STANDARD  TRIANGLE   AND   "Y." 


8  B 

nCS.  3,  4  AKD  S—^TRAHSFORICATIONS  OF  WHEATSTONR  BRIDGE. 

A.  and  apply  at  its  corners  imaginary  masses  equal  to  the  admittances  of  the 
ccrroponding  Y-branches.  Find  the  centre  of  gravity  of  the  loaded  A,  and 
canntct  it  wth  the  corners  by  straight  lines.  These  lines  represent 
respectively  the  E.M.Fs.  to  be  inserted  in  the  branches  of  the  Y.  Some 
msDcrrical  examples  are  worked  out  in  illustration  of  the  method.        A.  H. 

167.  Thre€'Voltmeicr  Method  of  Power  Measurement.  F.  Niethammer. 
Elcklrotechn.  Ztschr.  20.  pp.  701-708,  October  6,  1899.)— An  elaborate  criti- 
d^ni  of  the  three-voltmeter  method.  The  author  arrives  at  the  conclusion 
that  from  ever>'  point  of  view  the  wattmeter  method  is  superior  to  the  three- 
PCrlanetcr  one,  and  that  there  is  no  longer  any  justification  for  the  use  of  the 
htter  method.  A.  H. 

16a  Loop  Test  on  Electric  Light  Cables.  J.  Wright.  (Elect.  Engin.  24. 
pp.  295-296,  September  8,  1899.) — The  author  uses  the  Post  Office  bridge ; 
slyxws  how  to  adapt  a  rough  slide  wire  to  it  of  20-gauge  copper,  and  how  to 
connect  the  cable  when  there  is  an  E.M.F.  in  the  fault,  as  well  as  other 
deUils.  M.  OG. 


189.  Ttsting  Electric  Meters  and  Instruments.  J.  Sahulka.  (Zeitschr.Elek- 
titrtechn..  Wien.  17.  pp.  481-486,  September  17th  ;  pp.  491-497,  September  24th  ; 
?p.  515-518,  October  8;  and  pp.  627-529,  October  15,  1899.)  -In  these  articles 
^ere  is  described  the  establishment  of  laboratories  for  the  official  testing  of 
meters,  measuring  instruments,  and  small  motors  by  the  k.k.  Normal- 
»iiimissioin  of  the  Austna/7  Ministry  of  Commerce,  this  work  being 
out  by  the  author.  The  author  £rst  states  the  various  conditions  to  be 
r„  that  they  shalJ  not  register  when  no  current  is  passing  ; 
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that  they  shall  begin  to  register  with  2  per  cent,  of  their  maximum  load ; 
that  when  calibrated  at  the  maximum  current,  and  at  60  per  cent,  and  2  per 
cent,  of  this  maximum,  the  three  values  of  the  meter-constant  so  obtained  shall 
not  vary  more  thanHh4  per  cent,  of  the  mean  of  the  three  values,  this  mean 
value  being  the  one  given  in  the  certificate.  In  Austria  the  present  charge 
for  testing  is  1  gulden  ;  in  addition  3  kreutzers  per  hectowatt  maximum  load 
is  charged  for  each  meter,  no  difference  being  made  between  1  and  100 
meters.  If  more  than  100  meters  of  the  same  system  arc  to  be  calibrated 
at  a  time  the  3  kreutzers  per  hectowatt  is  reduced  to  1*5  kreutzers. 

The  author  gives  particulars  as  to  the  necessary  plant,  assuming  that  about 
30,000  continuous-current  meters,  10,000  alternate-current  meters,  and  10,000 
p)olyphase-current  meters,  or  other  measuring  apparatus,  are  to  be  calibrated 
annually. 

In  the  testing  of  a  number  of  similar  corftinuous-current  meters,  the  series 
and  shunt  coils  of  the  meters  are  separated  and  the  series  coils  put  in  series 
with  each  other,  and  with  a  low-voltage  battery  {e.g.,  10  cells  capable  of  yield- 
ing 1,000  amperes  arranged  in  series),  whilst  the  shunt  coils  are  put  in  parallel 
with  each  other  and  connected  with  a  battery  of  the  desired  E.M.F.  When 
meters  for  three-wire  and  like  systems  are  to  be  tested,  all  the  coils  which  are 
to  be  inserted  into  the  same  conductor  of  the  system  should  be  connected  in 
series,  so  that  in  testing  the  meter  with  respect  to  its  behaviour  with  one-sided 
loading  an  interchange  of  the  branch  circuits  or  reversal  thereof  can  be  easily 
carried  out.  By  these  means  only  one  source  of  current  is  required  for  the 
coils  carrying  the  main  current  or  currents,  and  one  for  the  thin-wire  coils. 
The  switch-boards,  connecting  devices,  and  methods  of  testing  employed  are 
described  in  detail  with  reference  to  diagrams.  The  cost  of  current  for 
meters  for  measuring  small  and  medium  quantities  of  energy  amounts  to 
8  kreutzers  per  meter. 

In  the  testing  of  alternate-current  meters  two  separate  circuits  are 
employed  in  the  same  manner  as  continuous-current  meters ;  one  of  these 
circuits  carries  the  main  current  for  the  thick-wire  coils  of  the  meter,  and  the 
other  the  current  for  the  shunt  circuit  of  the  meter.  These  currents  can  be 
obtained  by  providing  the  armature  of  an  alternator  with  a  thick  and  a  thin-  . 
wire  winding  which  give  electromotive  forces  of  the  same  phase,  or  the 
dvnauio  is  provided  with  a  single  winding  and  the  two  E.M.Fs.  required  are 
generated  by  means  of  a  transformer  ;  examples  of  these  arrangements  are 
described.  Alternate-current  meters  are  also  to  be  tested  with  a  difference  of 
phase  l^up  to  60°)  between  the  current  and  the  terminal  E.M.F.  This  differ- 
ence of  phase  can  lu'  conveniently  obtained  by  introducing  a  condenser,  or 
a  coil  having  self-induction,  into  the  thin-wire  circuit.  Details  arc  also  given 
of  methods  of  testing  three-phase  meters.  C.  K.  F. 

160  nifinniiiii  Mi'thod  for  Testing  a  Single  Transformer,  S.  E.  Johan- 
nesen.  (Elect.  World  and  Engineer,  34.  pp.  165-167,  July  29.  1899.)— This 
is  a  method  by  which  a  single  transformer  may  be  tested  under  actual  working 
loss  conditions  with  an  energy  consumption  equivalent  to  the  transformer 
Kisses  alone,  and  gives  directly  approximately  correct  values  for  iron  loss^ 
leakage,  copper  loss,  impedance  and  regulation. 

In  the  accompanving  figure  Ri,  Ai,  Wi,  Vi,  and  R^  Ac,  Wc,  Vc,  represent 
respcctivelv  resistainres.  anmieters,  wattmeters,  and  voltmeters  for  adjusting 
Vi^lUkjes  and  currents,  and  for  measuring  iron  loss  and  copper  loss  energy. 
i>u  is  in  ammeter  for  measuring  low  tension  current;  Sc,  S„  represent 
rcsiH^ctivclv  switches  governing  the  currents  supplying  the   copper  loss 
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iron  loss  ;  Sr  is  a  svvitch  governing  the  pressure  reducing  transformers ; 
I  three-way  s^iitch  used  in  connection  with  the  regulation  test.  Ti 
esents  a  transtormer  for  stepping  up  the  pressure  of  the  current 
>lying  the  iron  loss  energj' ;  T,  is  a  pressure  reducing  transformer 
t  in  connection  with  the  iron  loss  and  regulation  measurements.  T  is 
transformer  ander  test. 

The  hgure  refers  to  the  case  where  the  energy  corresponding  to  all  the 
•s  is  supplied  to  one  winding  only,  in  this  instance  the  high  tension 
ling,.  The  current  supplying  the  iron  loss  energy  enters  the  high  tension 
iing  through  the  terminals  -|-H,  and  — H, ;  in  other  words  the  iron  loss 
ent  i>  supplied  across  the  terminals  of  one  coil  or  one-half  the  high  tension 
iing.  The  pressure  must  therefore  be  adjusted  to  the  normal  high  tension 
sure  for  which  that  coil  is  wound. 


LINE 


In  ihi^  experiment,  close  switches  S,  and  Sp,  adjust  the  pressure  by  the 
-y^Asncv  Rj  u-ith  all  the  instruments  in  circuit.     The  idle  current  or  leakage 

Tkra<urcd   by  the  ammeter  A,  ;  the  pressure  which  is  reduced  by  trans- 
■rzncT  T„  by  the  voltmeter  V,  ;  and  the  iron  loss  energy  by  wattmeter  \V,. 

Tbe  current  supplying  the  copper  loss  energy  enters  the  high-tension 
r*djn>j  through  parallel  terminals  — H  and  H,.  The  low-tension  winding  is 
:.  »rt  circuited  through  an  ammeter  A  .  In  reality  the  low  tension  coils  are 
»3c::ecied  in  parallel.  In  test,  close  the  switch  S©  and  adjust  the  pressure  by 
"X  resistance  R«,  with  all  the  instruments  in  circuit.  Ac  measures  the  current 
^f-lied  :  the  voltmeter,  Vc,  the  pressure  ;  and  the  wattmeter,  \\\,  the  energy 
.-'isamcd.  The  uatts  registered  on  the  wattmeter  should  correspond  to  the 
h-m^oi  copper  loss  measured  in  the  ordinary  way  ;  that  is,  by  short  circuiting 
tc  k>w  tension  winding  through  an  ammeter  and  supplying  pressure  to  the 
:J0i  tension  winding  until  the /u// load  current  passes  through  the  low  tension 

W.  G.  R. 
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constan",  and  the  teiriperature  is  also  kept  steady,  Ki  Kf,  for  the  same 
intermpter,  do  not  appreciably  alter.  The  author  describes  experiments 
in  which  E  and  w  kept  constant,  L  being  a  variable;  he  shows  that  the 
fonnrfa  for  T  still  holds.  R:  A. 

m.  Mercury  Jei  Interrupter,  M.Levy.  (Elektrotechn.  Ztschr.  20.  pp.  717- 
Tld,  October  12,  1899.) — The  chief  advantage  of  the  new  interrupter  is  its 
great  range  of  adjustment,  which  not  only  extends  to  the  number  of  inter- 
ruptions per  second,  but  to  the  fractional  value  of  the  interruption  in 
comparison  with  the  closing  of  the  circuit.  It  consists  essentially  of  a  fine 
jet  of  mercury  forming  one  contact  piece,  and  a  series  of  teeth  cut  in  a 
cylindrical  surface  forming  the  other  contact  piece.  The  cylindrical  surface 
surrounds  the  jet  Its  axis  is  vertical,  and  the  teeth  taper  downwards.  The 
jet  may  be  raised  or  lowered,  and  thus  the  ratio  of  contact  to  interruption 
raried  between  zero  and  infinity ;  hence,  whatever  may  be  the  E.M.F.  used, 
the  mean  current  strength  may  be  brought  to  the  same  uniform  value.  When 
not  in  action  there  is  always  interruption  of  the  current — a  circumstance  which 
is  practically  very  convenient.  The  ordinary  arrangement  of  the  driving 
mechanism  provides  for  a  speed  of  800  to  1,000  revolutions  per  minute,  or, 
^zDce  there  are  twenty-four  teeth  on  the  wheel,  and  the  teeth  can  be  separately 
mounted  or  omitted,  the  interruptions  per  second  can  be  varied  from  5  to  400. 
All  the  effects  of  Wehnelf  s  interrupter  can  be  repeated  with  the  new  inter- 
rupter. Moreover,  any  induction  coil  can  be  driven  direct  from  the  local 
lighting  system  without  the  interposition  of  resistances,  since  the  mean  current 
;^ength  can  be  regulated  at  will.  E.  E.  F. 

166.  Viicuym  Interrupter.  J.  Elster  and  H.  Geitel.  (Wied.  Ann.  69.  2. 
pp.  4^3-487,  October,  1899.)  —  MacFarlane  Moore's  "vacuum  vibrator," 
dt:>igned  to  produce  an  instantaneous  interruption,  suffers  under  the  draw- 
hack  that,  as  soon  as  the  contact  point  sticks,  the  current  intensity  suddenly 
n^^  to  a  high  value,  and  the  point  melts  oH  and  the  tube  is  often  destroyed. 
To  avoid  this,  the  authors  keep  the  hammer  vibrating  by  means  of  a  separate 
electromagnet  outside  the  vacuum  tube,  actuated  by  a  mercury  interrupter  of 
^he  Roj^et  spiral  type.  The  spiral  and  the  hammer  are  tuned  to  unison,  but 
c%cn  so  the  light  obtained  is  somewhat  fitful,  and  less  steady,  though  safer, 
ihjin  the  light  obtained  by  Moore.  E.  E.  F. 

167.  Oscillographs.  A.  Blondel.  (Ind.  Elect.  8.  pp.  361-866,  August  25, 
1399.  — The  author  continues  his  account  of  recent  progress  in  oscillography 
^ce  1H99,  Abstract  No.  1510).  The  double  bifilar  oscillograph  of  W.  Duddell 
i>  described  in  detail,  with  illustrations ;  the  principal  improvements  consist 
m  the  u«^  of  flat  strips  in  the  place  of  round  wires,  of  a  pulley  equalising  the 
tension,  and  of  two  magnetic  fields.  A  table  of  the  constants  of  the  instrument 
oentioned  in  Abstract  No.  829  (1899)  is  given  ;  the  natural  frequency  of 
vibration  is  2,700  per  second,  and  the  resistance  of  each  bifilar  053  ohm. 
The  aurangement  of  the  apparatus  for  recording  three  curves  simultaneously 
•■:  explained,  as  well  as  the  device,  due  to  Boys,  for  concentrating  the  light 
•ejected  from  the  mirror  to  the  screen  by  means  of  a  cylindrical  lens. 

The    author  then  points  out  that  the   bifilar  carrying  a  mirror  can  be 
criosidered  either  as  two  separate  threads  vibrating  transversely,  or  a  combi- 
subjected  to  torsional  vibrations  ;  and  taking  the  latter  view,  he  gives 
which  he  has  estBb)isbed /or  the  frequency  and  sensibility  of  bifilars 
M  Aat  and  round  wire.  From  these  it  is  deduced  that  to  increase  the  frequency 
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the  wires  must  be  of  square  or  circular  cross-section/ and  a  metal  with  a  lov 
ratio  of  density  to  elasticity  must  be  employed ;  further,  to  increase  th< 
sensibility,  the  wires  must  be  of  light  material  and  as  small  as  possible.  Thesi 
principles  were  embodied  in  an  experimental  oscillograph,  which  is  describe< 
in  detail,  and  with  which  frequencies  exceeding  13,000  per  second  have  beei 
obtained,  and  a  sensibility  of  0*25  mm.  per  milliampere  at  1  m.  distance. 

Further  refinements  of  the  magnet  pole-pieces,  to  obtain  a  strong  field,  ar< 
discussed,  as  applied  to  an  instrument  now  under  construction.  The  movinj 
rays  from  the  mirrors  are  received  on  a  revolving  mirror  ;  this  reflects  then 
upon  a  ground  glass  screen  and  upon  a  photographic  plate,  which  can  b 
exposed  for  a  suitably  short  period  to  obtain  a  permanent  record  of  the  curves 
The  use  of  the  instrument  as  a  rheograph  on  Abraham's  system  is  briefly  out 
lined,  and  the  article  concludes  with  a  short  resume  of  the  best  conditions  o 
construction  and  use  of  the  instruments.  A.  H.  A 

168.  Apparatus  for  obtaining  High  Frequencies  and  Pressures,  E.  Thom 
son.  (Elect.  World  and  Engineer,  84.  pp.  676-678,  October  14,  189C 
Abstract  of  paper  read  before  the  New  York  Electrical  Society.) — Afte 
discussing  the  various  apparatus  that  have  already  been  devised  for  obtainini 
high  frequencies  and  pressures,  viz.,  Rowland's,  Tesla's,  and  Trowbridge*} 
the  author  describes  his  own,  which  comprises  a  motor-dynamo,  such  a 
is  obtained  by  taking  an  ordinary  continuous-current  motor,  and  tappin 
the  winding  so  as  to  obtain  alternating  currents,  i.e.^  by  connectiii 
two  of  the  commutator  segments  to  a  pair  of  insulated  rings  engagin 
stationary  brushes.  The  alternating  curreht  brushes  are  connected  f 
the  primary  winding  of  a  step-up  transformer,  giving,  say,  X0,000  ' 
15,000  volts  in  the   secondary.      Driven   by  the  shaft   of    the   machine 

a  frame  of  insulating  material,   having  at  one   side  a  pair  of  metal  strif 
which   periodically  connect  the   high   potential  secondary  terminals  of  t) 
step-up  transformer  to  the  +  and  —  foils  of  a  set  of  condensers  in  parallc 
these  connections  are  made  over  a  small  spark-gap,  in  order  to  avoid  noise  a; 
friction.     The  revolving  frame  is  so  adjusted,  that  the  charging  contact  stt 
only  be  made  at  the  tops  of  the  waves,  and  thus  a  high  potential  rendef 
available  for  charge.     By  employing  the  tops  of  every  third  wave  only,  \ 
condenser  foils  are  always  given  the  same  polarity.      The  revolving  framif 
also  provided  with  a  set  of  connectors  whereby,  after  the  charging  strips  hi 
been  withdrawn  from  proximity  to  the  stationary  contacts  connected  to  t 
condenser  fpils,  these  contacts  are  connected  in  series,  and  the  terminals  i 
then   discharge  over  a  wide  air-gap  at  high  potentials,  the  length  of  sp 
being  governed  by  the  number  of  condenser  plates,  and  the  potential  of 
cliarging  current. 

An  attachment  is  also  provided,  whereby  Leyden  jar  batteries  can 
charged  or  a  stream  of  thin  sparks  obtained.     This  attachment  comprises 
insulated  revolving  connector  which  consists  of  a  pair  of  balls  connected  1 
wire  and  serves  to  bridge  a  gap  of  several  inches  between  the  end  condei 
terminal  and  an  insulated  ball,  the  time  of  making  connection  coinciding  \ 
the  series  connection  of  the  revolving  frame  above  referred  to.     The  insuli 
ball    is   thus   synchronously   charged,   while  the   opposite   terminal    of 
apparatus  may  be  put  to  earth.     By  changing  the  connections  between 
collector  rings  and  the  primary*  of  the  step-up  transformer,  the  ball  ma; 
made  either  positive  or  negative  as  desired.  C.  I 

169,  Proc/i^c/wft  of  a  Sine  E.M.F,    Q.   T.   Hanchett.    (Amer.   Bl< 
^-^.  pp.  886-867,  August,  1899.}— The  author  suggests  methods  of  obtai 
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EJI.Fsw  which  are  accurately  represented  by  sine  curves.  In  one  device,  a 
straight  conductor  is  provided  which  is  of  uniform  high  resistance.  The  ends 
of  this  rod  are  connected  to  two  or  more  storage  cells  in  scries,  care  being 
taken  that  the  number  of  cells  be  even,  and  that  each  cell  has  the  same 
E.M.F.    and    interval  resistance.      Upon   the   rod   (see   fig.)   which  is  thus 


supplied  with  current  travels  a  small  collecting  brush,  which  is  driven  by  a 
crank  disc  and  plate  in  a  simple  harmonic  motion.  A  lead  is  brought  out  at 
the  middle  connection  of  the  batteries,  and  another  is  connected  to  the 
traveiling  brush.  When  the  machine  is  set  in  motion  there  will  exist  between 
these  two  points  an  E.M.F.  which  verv  approximately  follows  the  sine  law. 

W.  G.  R. 

no.  ScctarUssWimshurst Machine.  W.Cotton.  (Electrician,44. pp.  17-18, 
October  27,  1899.  Abstract  from  the  Bristol  Medico-Chirurgical  Journal.) 
—This  machine  is  best  described  in  the  words  of  the  original. 

•"The  essential  part  consists  of  two  parallel  circular  discs  of  ordinary 
visdow  glass,  22  inches  in  diameter,  about  ^  of  an  inch  thick,  and  \  of  an 
bch  apart,  varnished  with  shellac.  Being  mounted  centrally  on  independent 
vooden  bosses,  they  can  be  rotated  in  opposite  directions  on  a  horizontal 
metalhc  spindle  or  axle,  which  pierces  them  and  is  supported  at  each  end  by 
a  wooden  upright  springing  vertically  from  a  stout  rectangular  mahogany 
base.  The  lower  parts  of  the  two  uprights  support  another  horizontal  axle 
parallel  to  the  main  one,  turned  by  a  handle,  with  two  wooden  wheels  on  it, 
vbich  bv  a  crossed  and  an  open  strap  act  respectively  on  the  bosses  of  the 
^hss  discs  and  thus  supply  the  necessary  motive  power. 

"At  each  end  of  the  main  axle  where  it  projects  through  the  supporting 
Bpright  is  metallically  connected  a  movable  brass  rod,  known  as  the  neu- 
traUsing  rod.  The  rod  is  bent  round  at  each  end  towards  the  surface  of  the 
adpcent  glass  disc,  and  has  jointed  to  it  at  each  end  a  straight  piece  about 
4  inches  long,  radially  disposed  as  regards  the  glass  disc,  parallel  to  its  surface 
xid  just  within  the  outer  margin  thereof.  Each  straight  piece  has  attached 
to  it  at  equal  distances  so  as  lightly  to  trail  upon  the  surface  of  the  glass  three 
teic  wire  brushes'  Thus  we  have  two  neutralising  rods,  a  near  one  and  a  far 
<*t  each  uith  two  straight  pieces,  and  each  straight  piece  has  three  brushes, 
'^  there  are  twelve  neutralising  brushes  in  all. 

*'ln  or^ctice  the  sectorless  Wimshurst  is  to  be  preferred  to  a  sectored  one 
^tbt  ^m^  size  for  five  reasons  :  (1)  It  is  easier  to  construct  and  keep  in 
*»fcr  >  '  'mf>^c^  '  W  ^^  never  reverses  polarity  during  running — the  other 
**$  occasf on^^y  '  ^^^  ^*  ^^  ^  greater  output  of  electrical  energy — ^the  tube 
^  hotter  witli  the  same  amount  of  mecbanical  energy  expended  on  the 
W*"/^!^  ^  ^^e^c/k^^^^^ }^^^"^^^'  "^^^^^  ^^^'■^  ''^  a  great  resistance  in  the 
%i  ^!^  ^^^^  ^         '^''''"'"  '^f  ^""^^^^  '^'^  ^^^^'  ^^  ^i^own  by  a 
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visible  brush  discharge  ;  (6)  after  prolonged  ^  use  the  friction  of  the  brushes 
on  the  sectors  as  they  pass  leads  to  the  formation  of  rings  of  metallic  deposit, 
which  break  down  the  insulation." 

On  the  other  hand,  except  under  exceptional  circumstances,  the  sectorless 
Wimshurst  is  not  self-exciting.  E.  E.  F. 

171.  Theory  of  the  Potential  Divider,  S.  A.  Montel.  (feci,  ifelectr.  20.  pp. 
298-802,  August  26,  1899.)— Under  the  name  "  potential  divider  "  the  author 
denotes  an  apparatus  formed  by  a  winding  on  an  iron  core,  whose  ends  are 
connected  across  alternating  current  mains  and  different  points  of  which  are 
joined  to  various  apparatus  for  use  ;  these  pieces  of  apparatus  are  in  series 
with  each  other,  and  in  parallel  with  respect  to  different  portions  of  the 
winding. 

The  author  treats  of  the  particular  case  of  two  groups  of  apparatus 
(such  as  incandescent  lamps)  without  self-induction,  each  of  which  derives  its 
potential  difference  from  the  potential  divider.    This  arrangement  is  shown 
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in  the  figure.  The  resistance  and  the  coefficient  of  self-induction  of  the  two 
parts  AE  and  EB  of  the  winding  are  denoted  respectively  by  r  and  L  ;  the 
coefficient  of  mutual  induction  by  M ;  r4  and  rj  are  the  resistances  of  the 
circuits  ACP2  and  EDB  ;  I'l,  /},  /'a,  »4,  ib  are  the  instantaneous  currents  in  the 
various  circuits ;  7',  and  7's  are  the  instantaneous  potentional  differencefl 
between  A  and  E  and  between  E  and  B.    We  then  have — 

Also —  T'»=/>4,  Vi=isr&,  7'i=i'i-|-i's 

Ji=/j+'4=/s-|-/5 
Putting  L=M,  we  deduce  that — 

?'3__r4r5-f  rsr 
5'5    rirt-^-rAr 

which  shows  that  the  ratio  of  the  potential  differences  depends  only  on  tl 
ohmic  resistances  of  the  circuits.  It  is  further  deduced  that  the  currc 
through  the  windings  is  only  half  that  which  transverses  the  circuit  D  wht 
the  circuit  C  is  short  circuited.  Also  the  current  traversing  the  windings  i! 
minimum  when  the  circuits  C  and  D  are  equally  loaded.  W.  G. 

172.  Ohmmcier  for  use   on   Alternate  Current  Mains,    (Zeitschr.    Elekt 

techn.,  Wien.  17.  pp.  61ft-620,  October  8,  1899.)— This  instrument,  which  is 

analogous  construction  to  one  designed  by  Wilkens  (see  Elektrotechn.  Ztsc 

J^,  p,  748),  is  constructed  by  the  Allgemeine  Elektricitats-Gesellschaft, 

Berlin,    It  comprises  a  dynamometer,  the  stationary  coil  of  which  is  exclt 
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as  follows  :  The  primary  circuit  (A)  of  a  small  transformer  mounted  in  the 

interior  of  the  apparatus,  has  its  terminals  connected  to  the  supply  mains,  the 

pcitcntial  difference  of  which  is  to  he  employed  in  measuring  the  insulation 

rcji-tancc.     This  transformer  has  two  secondary  coils,  of  which  one  (B)  is 

connected  directly  to  the  stationary  coil  of  the  dynamometer,  whilst   the 

Circuit  of  the  second  secondary  coil  (C)  extends  through  the  movahle  coil  of 

the  dynamometer,  the  ends  heing  connected  to  terminals  marked  respectively, 

'*  Earth'"  and  "  Installation."     WTien  the  instrument  is  connected  up  for  use, 

the  stationary  coil  of  the  dynamometer  is  traversed  by  a  constant  current  from 

rhe  secondary  coil  B,  and  thus  produces  a  constant  alternating  magnetic  field. 

If  now  a  current  from  the  secondary  coil  C  passes  from  the  installation  to 

earth,  the  movable  coil  of  the  dynamometer i turns  and  the  pointer  moves  over 

i  >cale  graduated  in  ohms.    The  sensibility  of  the  instrument  can  be  increased 

bT^'  giving  the  stationary  coil  as  many  ampere-turns  as  possible,  which  can  be 

cxmIv  done  by  means  of  the  transformer.     In  order  that  the  measurements 

ahall  be  made  with  the  normal  working  potential  difference,  the  coils  A  and  C 

ot  the  tran:iformer  must  have  the  same  number  of  turns.    The  readings  of  the 

ir.>trumcnt  are,  however,  only  correct  when  the  potential  difference  at  the 

>urply  mains  is  that  for  which  the  instrument  is  constructed  to  work.     In 

•jrder   to    determine    whether  this    potential   difference   is   normal   without 

requiring  a  special  voltmeter,  the   instrument  is  adapted   to  also  act  as  a 

voltmeter.      For  this  purpose   it  is  only  necessary  to  connect  together  the 

termmals  **  Earth  "  and  **  Installation  "  by  means  of  a  wire,  and  to  connect  the 

primary  circuit  terminals  of  the  transformer  to  the  supply  mains  as  usual. 

Tnc  volts  are  then  read  off  on  a  second  scale  arranged  beneath  the  ohm  scale. 

Examples,   illustrated  by  diagrams,    are   given   in  the    original    paper    for 

explaining  methods  of  using  the  instrument  on  three-phase  and  other  svstems. 

C.  K.  F. 

173.  Alttrmttc  Current  Ohmmcfers.  G.  Benischke.  (Elektrotechn. 
2t>chr.  20.  pp.  410-411,  June  8,  1899.) — This  is  a  paper  read  before  the 
Klckirotechnischen  Verein,  Berlin,  on  the  methods  of  measuring  the  insula- 
:.:-n  of  alternate  current  networks  by  employing  the  normal  working  voltage. 
W:th  continuous  currents,  this  test  is  usually  made  with  an  ammeter  and  volt- 
TTtct'jr.  wliich  are  put  successively  between  each  wire  of  the  network  when 
chjirged  to  the  full  working  pressure  and  earth.  Similar  tests  can  be  made  on 
j^:crn-itc  current  circuits  by  using  instruments  of  the  dynamometer  type. 
Hjt  in  practice  the  method  has  several  disadvantages  ;  two  separate  instru- 
z.zv.i-^  are  necc>s;iry,  and  a  calculation  is  required  to  determine  the  actual 
i"^uijiti<.>n  re>istance  ;  the  current  measured  may  be  not  only  a  leakage,  but 
aJvj  ;i  capacity  current  ;  and  if  there  be  a  fault  on  the  circuit  it  may  cause  a 
-tn'>.i-  >hort  circuit  if  switched  on  to  the  main  before  being  tested. 

To  obviate  these  defects  an  instrument  is  made  by  the  Allgemeine 
Eitktricitats-Gesellschaft,  consisting  of  a  transformer  and  wattmeter.  The 
pnm:iry  of  the  tranNtormer  is  connected  across  the  mains.  It  has  two 
sect^ndaries — one  connected  across  the  thin  wire  coil  of  the  wattmeter  ;  the 
jf her.  which  has  the  same  number  of  turns  and  therefore  the  same  voltage 
«  the  primary,  in  series  with  the  moving  wattmeter  coil  between  the  circuit 
tv  be  tested  and  earth.  For  fixed  voltages  the  instrument  is  calibrated 
dircctJy  in  ohms  of  insulation  resistance.  By  short  circuiting  the  testing 
terminals  it  is  a\'ailable  as  a  voltmeter,  for  which  purpose  a  second  scale  is 
added.  The  iustrument  is  neat  and  compact  It  is  also  adapted  for  attach- 
nent  to  a  statioa  switcbbo^d.    In  high  pressure  circuits  the  insulation  must 
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first  be  determined  at  the  lower  voltage  to  ensure  that  there  is  no  bad  fault, 
and  then  tested  when  under  full  pressure  by  means  of  electrostatic  voltmeters. 
In  three-phase  networks  a  fault  in  the  system  can  be  detected  by  connecting 
a  voltmeter  from  the  neutral  point  of  the  star  connection  at  the  far  end  of  the 
line  to  earth.  In  order  to  determine  in  which  wire  the  fault  Hes,  the  volt- 
meter must  be  connected  successively  between  each  wire  and  earth.  In  the 
discussion  Gdrges  pointed  out  that  capacity  currents  are  liable  to  be 
mistaken  for  leakage.  In  the  ElektricitStswerk  Wynan,  Switzerland,  the 
capacity  current  for  76  miles  of  overhead  line  at  9,000  volts  amounted  to  half 
an  ampere.  With  concentric  cables  in  a  three-phase  system,  the  difference 
in  capacity  of  the  lines  has  a  similar  effect  to  leakage  on  the  potential  of  the 
neutral  point  of  the  star  connections.  VTilkens  pointed  out  that  insulation 
tests  made  by  connecting  the  circuit  directly  to  the  mains  can  be  rendered 
perfectly  safe,  in  case  of  a  fault  by  putting  a  suitable  known  resistance  in 
series.  L.  B. 

174.  Measuring  the  Speed  and  Lag  of  Alternate-current  Motors,  R. 
Seemann.  (F^lektrotechn.  Ztschr.  20.  pp.  764-766,  November  2,  1899.)— 
This  apparatus  is  constructed  by  Siemens  and  Halske,  of  Charlottenburg,  and 
simultaneously  determines  the  speeds  of  the  motor  and  of  the  dynamo  by 
means  of  two  revolution-counters  which  can  be  thrown  into  and  out  of  gear 
ejectrically.  The  difference  Jpetween  the  two  numbers  of  revolutions,  reduced 
to  equal  numbers  of  poles,  gives  the  lag.  The  two  counters  each  comprise  a 
worm  spindle  capable  of  being  coupled  to  the  respective  shafts,  and  in 
connection  with  each  worm,  there  is  arranged  a  worm-wheel  mounted  on  a 
spring-controlled  lever  which  bears  an  armature  arranged  in  conjunction 
with  an  electromagnet,  so  that  when  the  electromagnets  arc  connected  up 
in  the  same  circuit  and  energised,  the  two  worm-wheels  will  be  brought 
simultaneously  into  engagement  with  their  worms.  It  is  obvious  that,  by 
means  of  a  chronograph  and  the  above  counters,  the  speeds  of  the  dynamo 
and  motor  can  be  determined  simultaneously,  the  percentage  lag  being 
obtained  from  the  equation — 


= 100  ('^') = ioo(i-;;;) 


where  si=  the  lag;  u\  the  number  of  revolutions  made  by  the  dynamo,  and 
Hi  the  number  of  revolutions  made  by  the  motor  in  the  same  time.       C.  K.  F, 

•  175.  Platinum-clay  Resistance  Material.  W.  C.  Heraeus.  (Zeitschr. 
Elektrochem.  6.  pp.  43-46,  July  13,  1899.)— The  effect  of  alloying  base  meUls 
such  as  iron  or  manganese  with  platinum  is  generally  to  produce  a  brittle 
compound  ;  such  alloys  cannot  very  easily  be  used  for  resistance  wire.  As  a 
substitute  for  metallic  resistances.  Kiich  mixes  about  60  per  cent,  of  platinum 
with  40  per  cent,  of  clay.  If  rods  of  this  mixture  are  heated  to  the  melting- 
point  in  a  reducing  atmosphere,  a  stable  compound  results.  With  these 
precautions,  the  percentage  of  platinum  may  be  diminished  to  10  |>er  cent 
before  conductivity  is  lost ;  percentages  from  10  to  15  of  platinum  are  best 
for  most  purposes.  The  degree  of  conductivity  depends  upon  the.formatioi] 
of  platinum-silicium,  this  occurs  at  temperatures  over  1,200°  C;  great  care  u 
therefore  necessary  in  the  heating  process  at  about  that  temperature.  Up  tc 
white  beat,  the  resistance  increases  with  temperature  ;  there  is  then  a  reversal 
IV/rcs  0'5  mm.  dmmcter  can  be  made,  having  about  14  ohms  resistance 
rc^r  1  cm.  K.  A 
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176.  Nrup  Measuring  Inslruments  by  Siemens  and  Halske,  A.  Raps. 
<  Elektrotechn.  Ztschr.  20.  pp.  666-670,  September  14,  1899.  Report  read  before 
the  Elektrotechnischer  Verein,  February  28,  1899.) — The  first  instrument 
de:*>cnbed  in  the  paper  is  a  wattmeter,  whose  design  was  originally  suggested 
by  a  d'Arsonval  galvanometer.  In  order  to  obtain  a  practically  uniform  radial 
field  such  as  that  which  exists  in  this  latter  instrument,  the  series  coil  of  the 
wattmeter  is  made  up  of  a  number  of  flat  copper  conductors  of  the  shape  shown 
in  fig.  1.  A  coil,  the  upper  and  lower  portions  of  whose  turns  consist  of  such 
circular  conductors,  produces  a  practically  uniform  radial  field.  In  this  is 
pivoted  the  fine-wire  coil,  which  consists  of  400  turns  of  wire  0*1  mm.  in  diameter. 
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and  i<  connected  in  series  with  a  non-inductive  resistance.  No  metal  supports 
oTc  UMrd  tor  the  coils,  everything  being  as  far  as  possible  made  of  insulating 
niatcrial.  The  scries  conductors  are  slotted  to  prevent  eddy-currents.  An 
important  feature  of  the  new  instruments  is  the  method  of  air  damping. 
Ihi-  method  i>  also  used  in  the  construction  of  the  new  switchboard  ammeters 
.xnd  voltnietcrb,  and  is  shown  in  fig.  2,  which  represents  the  moving  part  of 
'•nt  at  these  instruments.  The  soft-iron  needle  N  is  of  the  shape  shown,  and 
•-  -ucked  into  a  coil  placed  immediately  below  it.  The  damping  arrangement 
C'jnMsi>  of  a  thin  circular  plate  P  provided  with  a  rim  and  attached  to  the 
^pir.dlc  by  means  of  a  very  thin-walled  tube  of  hard-drawn  brass.  The  plate 
P  movo  with  a  ver\'  small  clearance  inside  a  damping  tube  DT.  A.  H. 

177.  Thermophone.  G.  C.  Whipple  and  H.  E.  Warren.  (Eng.  News, 
42.  pp.  109-110,  August  17, 1899.) — A  modified  Wheatstone  bridge  with  galvano- 
Tittcr  replaced  by  a  telephone  receiver  in  circuit  with  which  is  placed  a  vibrator 
rcNcmbling  the  vibrating  armature  and  spring  of  an  electric  bell.  Resistance 
coiiss  one  at  a  known  the  other  at  an  unknown  temperature,  affect  the  balance 
Oft  the  bridge  by  their  relative  variations  in  resistance  under  changes  of  tem- 
pT-rature.  When  the  balance  is  disturbed  the  instrument  hums  :  but  it  can 
be  silenced  by  adjusting  the  position  of  a  pointer,  whose  movement  alters 
i"e  relation  between  two  branches,  and  whose  position  enables  the  corre- 
>fonding  temperature  of  the  distant  resistance  coil  to  be  read  off  on  a 
dial-^>cale.  A.  D. 


178.  tnstrumeni  fof   Ddennini>i£  //w  £M.f.  of  Accumulators.     (Zeitschr. 
Ekktrolechn.,  Wie/?.  JZ  pp.  4S4-465,  August  27,  1899.)^In  this  instrument, 
is  doe  to  R.  HopfeJt,  of  Berlin,  the  times  at  which  the  fall  in  the 
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electromotive  force  takes  place  at  the  end  of  the  discharge,  and  at  which  it 
increases  at  the  end  of  the  charge,  can  be  determined  when  currents  are 
passing  through  the  accumulator.  The  instrument  consists  of  a  kind  of 
differential  galvanometer,  c.g.^  a  Weston  voltmeter  wound  with  two  coils,  one 
of  which  is  connected  through  a  suitable  resistance  directly  to  the  terminals 
of  the  battery,  whilst  the  other  is  connected  in  parallel  with  a  resistance  in 
the  main  circuit  of  the  accumulator.  The  latter  coil  must  be  so  connected 
to  the  series  resistance  that,  when  the  accumulator  is  being  discharged,  the 
current  will  pass  through  it  in  such  a  direction  that  the  effects  of  the  two  coils 
on  the  movable  system  of  the  instrument  will  be  added.  This  is  necessary, 
since  the  terminal  potential  difference  is  here  smaller  than  the  E.M.F.  The 
theory  of  the  instrument  is  based  on  the  following  assumptions,  viz.,  that  in  a 
lead  accumulator,  so  long  as  there  is  no  considerable  formation  of  gas-bubbles 
on  the  electrodes,  the  internal  resistance  changes  very  little,  and  moreover 
that  the  polarisation  is  v^ry  closely  proportional  to  the  current  so  long  as  the 
accumulator  is  not  completely  charged  or  discharged,  e.g.,  equal  to  Cp  times 
the  current.  Towards  the  end  of  the  discharge,  the  constant  Cp  however 
rapidly  assumes  a  relatively  high  value  ;  likewise  at  the  end  of  the  charge, 
when  gases  are  evolved,  there  is  added  to  the  ordinary  polarisation,  the  gas 
polarisation,  so  that  at  this  time  the  pointer  begins  to  move  rapidly  in  one 
direction  or  the  other.  A  rise  of  E.M.F.  is  especially  noticeable  in  charging, 
amounting  to  about  0*5  volt  in  a  few  minutes,  so  that  the  moment  of  complete 
charge  can  be  very  easily  observed.  Various  other  methods  of  using  the 
instrument  are  described  with  reference  to  diagrams.  C.  K.  F. 

179.  Instruments  for  Three-Phase  Circuits.  (Ind.  Elect.,  8.  p.  486,  October 
10,  1899.  Abstract  of  paper  read  by  R.  Arno,  before  the  National  Congress  of 
Italian  Electricians  at  Como.) — A  paper  dealing  with  the  principles  under- 
lying the  construction  of  certain  forms  of  wattmeters  and  energ>'  meters  for 
use  on  three-phase  networks.  A.  H, 

180.  Measuring  the  Frequency  of  Alternate  Currents.  H.  V.  Carpenter. 
(Elect.  World  and  Engineer,  84.  pp.  198-199,  August  5,  1899.)— The  method 
consists  in  turning  a  wire  stretched  between  the  poles  of  an  electromagnet, 
and  carrying  the  alternating  current  till  its  natural  period  is  tiie  same  as  that 
of  the  current,  and  calculating  the  periodic  time  from  its  length,  weight,  and 
the  tension.  The  accuracy  of  the  method  is  stated  to  be  within  one-fifth  of 
1  per  cent.  W.  G.  R 

181.  Measurement  of  Frequency.     H.  W.  Smith.     (Elect.  Engin.  24.  pp 
466-467,  October  13,  1899  ;  from  the  "  Technolog>^  Quarterly.")— A  weightec 
tuning  fork,  electrically  driven,  is  provided  with  a  sharp-pointed  style  attachec 
to  one  of  its  prongs  ;  this  style  vibrates  over  a  smooth  surface  formed  by  twi 
blocks  of  ivory  separated  by  a  sheet  of  platinum  about  002  inch  in  thickness 
This  contact  maker  i^  connected  in  series  witli  a  telephone  and  attached  t 
the  source  of  alternate  current.     When  the  fork  is  set  in  vibration  the  styl 
makes  contact  at  the  middle  of  each  stroke  of  the  prong,  and  if  the  frequenc 
of  the  alternate  current  is  the  siinie  as  that  of  the  fork  tlie  contacts  will  occu 
at  the  same  point  in  each  successive  current  wave  ;  there  will  then  be  a  stead 
sound  in  the  telephone  or  no  sound,  depending  on  the  difference  of  phase  b< 

/it'oc/j  tbu  fork  and  tlic  current.    If  the  frequency  of  the  fork  and  the  currei 

cfj/Tcr  there  will  he  "  ticiita  "and  the  weights  on  the  fork  are  shifted  until  thei 

^^c  no  beats,  and,  as  the  fork  iias  been  previously  rated,  lV\c  lr<i<\>\etvc^  ol  U 
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current  is  determined.  This  paper  then  deals  with  a  method  of  driving  the 
fork  electrically  which  is  a  modification  of  one  given  by  W.  G.  Gregory  in 
the  Phil.  Mag.  (December,  1889,  p.  400).  '  K.  C.  R. 

182.  Frequency  Indicator.  G.  J.  Yundt.  (Elect.  World  and  Engineer,  34. 
p.  344.  September  2,  1899.) — Suspended  from  a  wooden  stand  is  a  vertical 
phosphor  bronze  wire  (No.  26)  which  passes  between  the  soft-iron  pole-pieces 
of  a  permanent  horseshoe  magnet  and  conveys  the  current  whose  frequency 
is  to  be  determined.  The  wire  is  stretched  tight  by  a  weight  attached  to  its 
lower  end,  and  immediately  above  the  weight  is  a  wedge  of  brass  w^hose  edge 
presses  against  the  wire.  A  movable  bridge,  which  is  free  to  slide  up  and 
down  a  vertical  scale,  serves  for  adjusting  the  length  of  the  vibrating  wire, 
and  so  determining  the  corresponding  frequency  of  the  current.  A.  H. 

183.  Phascmeter  for  Alternate  Currents,  R.  Arn6.  (Eel.  Electr.  21.  pp. 
225-226,  November  11,  1899 ;  also  Elettricista,  t.  viii.  p.  203,  September  1, 
1899.) — This  instrument  consists  of  a  combination  of  an  electro-dynamometer 
having  its  coils  separate,  and  an  instrument  to  produce  a  Ferraris  field  having 
two  separate  coils  fixed  at  right  angles  with  an  extra  closed-circuit  movable 
coil  placed  inside  them. 

Let  1 1  and  Is  be  the  two  currents  under  test,  a  the  deviation  and  ^  the 
difference  of  phase,  then  we  have  in  the  dynamometer — 

IiIjCOS0  =  if'a, 
and  in  the  Ferraris  instrument — 

Iiljsin0  =  «:"j3, 
whence  —  tan  ^  =  «:- 

a 

Now  to  get  a  result  by  only  one  test  the  two  instruments  are  connected 
to^^'thcr  so  that  the  two  currents  pass  through  their  respective  coils  in  both, 
which  iire  separated  by  a  copper  plate  to  prevent  mutual  intluence  ;  the  read- 
ing>are  taken  on  both  instruments  from  which  the  tangent  of  the  difference  ^ 
is  deducted.  E.  C.  R. 

184.  Pcnneametcr.  C.  P.  Poole.  i^Anier.  Electn.  11.  p.  429,  September,  1899  ) 
—This  is  a  permeameter  intended  for  workshop  use.  It  is  of  the  dynamo 
type,  with  mabsive  pole-pieces  and  armature-core.  The  only  point  of  novelty 
i-s  that  the  speed  is  adjusted  so  that  the  permeameter  is  direct-reading.  A 
vokmeter  connected  to  the  brushes  indicates  1  volt  for  each  1,000  gausses  in 
the  specimen  field-magnet  core.  For  the  theory  of  permeameters  of  this 
t)-pe  see  Abstract  No.  618  (1899).  K.  A. 

185.  Magnetic  Intensity  Varionicttrs.  M.  Eschenhagen.  (Deutsch. 
Fh\-b.  Gesell.,  Verb.  1.  pp.  147-152,  1899.)— The  earth's  magnetic  force  is 
usually  balanced  against  the  force  of  a  permanent  magnet  or  the  directive 
lorce  of  a  bifilar  suspension.  Both  these  forces  are  subject  to  changes  with 
time  and  temperature.  Quartz  fibres  are  too  weak  for  holding  the  usual 
magnetic  systems,  but  the  author  has  devised  a  light  system  which  can  be  sus- 
pended by  a  single  quartz  fibre,  and  which  offers  great  constancy  and  special 
tacilities  for  photographic  registration.  K.  E.  F. 

186.  Periodic  Curiae  Tracers.     R.  Franke.     (Klektrotechn.  Ztschr.  20.  pr 
802-807,  November  16,  1899.     Read  before  the  Seventh  Session  of  the  V. 
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bandes  Deutscher  Elektrotechn.  at  Hanover,  1899.)— The  author  reviews  the 
methods  suggested  by  Frolich  and  by  Joubert  for  tracing  periodic  curves.  He 
also  describes  an  improved  form  of  apparatus  patented  by  himself,  for  apply- 
ing the  Joubert  method  to  practical  measurements.  It  is  taken  for  granted 
that  the  mechanism  is  to  be  used  for  tracing  the  current  curves  of  alternators. 
Joubert  took  off  the  current  at  a  given  phase  by  means  of  a  one-bar  commuta- 
tor ;  the  current  at  successive  phases  could  be  determined  similarly  by 
twisting  the  commutator  through  successive  angles,  and  by  observing  the 
corresponding  steady  deflections  of  a  galvanometer.  In  the  new  apparatus 
the  one-bar  commutator  is  replaced  by  one  with  five  sectors  with  narrow 
spaces  between  them.  The  fifth  sector  subtends  twice  the  angle  of  either  of 
the  other  four ;  and  there  are  two  brushes  making  peripheral  contact  at  a 
distance  apart  equal  to  the  width  of  the  fifth  sector.  Such  an  arrangement 
makes  contact  momentarily  once  each  revolution  ;  the  moment  of  contact  can 
be  readily  adjusted,  and  the  duration  controlled.  The  five-bar  commutator- 
can  be  attached  to  the  armature  shaft,  or  it  can  be  geared  to  it  by  means  of  a 
flexible  drive.  In  the  case  of  multi-polar  machines  change- wheels  are  pro- 
vided, so  that  the  commutator  makes  a  complete  turn  for  each  period.  The 
angular  position  of  the  contact  can  be  adjusted  by  rotating  a  grooved  wheel 
on  the  commutator.  An  endless  cord,  passing  over  the  wheel,  communicates 
similar  angular  displacements  to  a  cylinder,  around  which  the  record  paper  is 
wrapped.  The  galvanometer  "  spot "  is  f ocussed  upon  the  cylinder,  and  its 
position  for  each  change  in  the  commutation  is  marked  by  hand,  with  a  pencil, 
on  the  record* paper.  Examples  of  curves  traced  by  this  apparatus  are  given, 
together  with  very  clear  illustrations  of  the  mechanism.  R.  A. 

187.  Detemiining  the  Wave  Form  of  Polyphase  Alternating  Currents,    H.  J. 
Ryan.    (Amer.  Instit.  Elect.  Engin.,  Trans.  16.  pp.  865-877  ;  Discussion,  pp. 
877-880,  August  and  September,  1899.) — This  method  may  be  regarded  as  a 
development  of  that  devised  by  Duncan  (see  Trans.  Amer.  Instit.  Elect.  Engin.  9, 
pp.  179  ei  seq.),  wherein  i  the  current,  whose  wave  form  is  to  be  determined,  is 
passed  through  the  fixed  coil  of  a  dynamometer,  whilst  the  movable  coil  of  the 
dynamometer  is  included  in  a  circuit  containing  an  accumulator  and  a  con- 
tact-maker on  the  rotary  shaft  of  the  dynamo  or  motor.     Instead  of  using 
the  accumulator  and  contact-maker,  the  author  employs  an  "  impulse  "  trans 
former  having  a  closed  magnetic  circuit  of  soft,  pure  iron,  with  the  portioi 
enveloped  by  the  primary  and  secondary  coils  much  restricted  in  area  a 
compared  with  the  remaining  portion  of  the  magnetic  circuit,  so  that  th« 
flux  through  the  core  will  cause  saturation  during  97  per  cent  of  the  time 
the  greater   portion,  therefore,  of    the   secondary  E.M.F.  time-integral  wiJ 
occur  during  1*5  per  cent,  of  the  time  of  one  alternation  and  this  E.M.F.  wil 
thus  be  delivered  with  great  suddenness  at  the  time  when  the  exciting  curret 
passes  through  zero.    In  order  to  produce  an  impulsive  current  by  this  meas 
at  different  parts  of  the  cycle,  so  as  to  obtain  different  points  on  the  curv» 
the  phase  of  the  exciting  current  of  the  impulse  transformer  can  be  change 
by  phase-changing  transformers  or  by  an  induction  motor.    In  cases  where  tl* 
plus  and  minus  alternations  are  different,  one  or  more  aluminium  cells  can  I 
placed  in  series  with  the  impulse  secondary  so  as  to  cut  off  one  or  other  si< 
of  the  alternating  impulse  as  desired.     Full  details  of  the  connections  and 
apparatus  employed,  including  an  auxiliary  transformer  for  compensating  f 
^he  residue  of  the  secondary  E.M.F.,  together  with  examples  of  curves  coi 

pared  with  those  obtained  by  the  contact-maker  method,  are  given  in  t 

original  paper. 
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In  the  discussion  which  followed,  C.  P.  Stein metz  and  C.  A.  Adams 
described  improved  forms  of  contact-maker  which  have  worked  well  in  prac- 
tice and  C.  P.  MathevTS  described  a  method  of  obtaining  wave  forms  in  which 
a  ^vanometer  of  the  oscillograph  type  and  aluminium  cells  are  employed. 

C-.  K.  I* . 

188.  Photographic  Current  Cannes.  J.  Zenneck.  (Wicd.  Ann.  69.  4.  pp. 
888-853,  December,  1899.) — Braun's  kathode  ray  method  may  be  modified  so 
a-  to  give  current  curves  on  to  fluorescent  screen  itself,  which  may  be  exhibited 
in  a  lecture  or  photographed.  To  accomplish  this  the  author  imparts  a  lateral 
periodic  motion  to  the  vibrating  spot  of  light  on  the  screen  by  means  of  a 
second  deflecting  magnet  excited  by  a  synchronous  current  changing  in  a 
linear  manner  with  the  time.  This  current  is  taken  off  a  wheel  carrying  a 
circular  wrc,  and  is  inversely  proportional  to  the  length  of  wire  in  circuit 
at  any  instant.  E.  E.  F. 

189.  Photographic  Current  Cun'cs.  A.  Wehnelt  and  B.  Donath.  (Wied. 
Ann.  69.  4.  pp.  861-870,  December,  1899.)— The  Braun  vacuum  tube  possesses 
Nmral  great  adx'antages  over  other  contrivances  for  demonstrating  the  varia- 
tion of  an  electric  current.  Operating  as  it  does  with  a  kathode  beam  deflected 
by  a  ma^et  excited  by  the  current  under  investigation,  it  offers  a  weightless 
lever  whose  displacement  is  practically  perfectly  proportional  to  the  current 
>trength.  The  authors  have  improved  the  arrangement  and  made  it  available 
loT  quantitative  determinations.  They  dispensed  with  the  revolving  mirror, 
as  the  images  obtained  with  it  were  too  feeble.  Instead,  they  photographed 
the  spot  of  light  on  the  fluorescent  screen  on  a  sliding  plate,  and  photographed, 
*3de  by  side  with  it,  the  sinusoidal  curve  of  a  vibrating  tuning-fork,  obtained 
hrr  attaching  a  pin-hole  in  aluminium  foil  to  the  prong  in  the  path  of  a  strong 
beam  of  light.  The  curves  reproduced  are  very  striking.  Several  of  them 
'lew  the  course  of  the  current  from  a  Wehnelt  interrupter  under  various  con- 
ditions of  capacity  and  inductance  in  the  circuit.  They  all  show  the  very 
'ipid  break,  which  practically  obliterates  that  part  of  the  curve  altogether. 
One  photograph  shows  the  curves  of  current  and  E.M.K.  and  their  relative 
displacement,  obtained  with  two  independent  lenses  and  two  luminescent 
icrcens  at  right  angles  to  each  other.  E.  E.  F. 

190-  Doubling  the  Frequency  of  an  Alternate  Current.    J.  Zenneck.    (^VVicd. 
Ana.  m.  4.  pp.  858-860,  December,  1899.)— The  author  has  devised  an  in- 
§cii>ou>  method  of  doubhng  the  rate  of  alternation  of  an  alternating  current 
b\    nicans   of    a   stationary  transformer.     He  does  it  with  the  aid  of   two 
"  ahiminium  valves,"  or  carbon-potash-aluminium  cells,  which,  as   we  know, 
ooiy  allow  the  current  to  pass  from  the  aluminium  to  the  carbon  electrode. 
Toe  alternating  circuit  is  split  into  two  branches,  which  are  wound  round  the 
cere  of  a  tranrformer  in  opposite  directions.     Each  of  the  branches  contains 
u  ahsninium  valve,  but  the  valve  is  reversed  in  one  branch  with  respect  to  the 
•xhcr.      The    effect  of  this  is  that  one-half  of   the  alternate  current  passes 
targogh  one  branch  and  the  other  through  the  other  branch,  but  in  an  opposite 
dcrtction,  so  that  in  reality  two  successive  maximums  act  upon  the  transformer, 
of  a  maximum  apd  a  minimum.    This  of  course  amounts  to  a  doub- 
of  the  original  frequency,  though  the  new  current  is  no  longer  sinusoidal. 
Ccnre^  taken  <^  the  secondary'  coiJ  of  the  transformer  show  such  a  doubling 
isdacUy.    The  Muihor  has  not  obtained  any  very  favourable  curves  that  way, 
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where  I,  the  impedance, 

Albo,  if  the  angle  AOD  =  ^ 

c  sin  0  =  M  Lf  cos  (" 

^cos0  =  (RH-wLsinr)c" 

.  wLcost' 

.'.     Ian  0  =  fj  - — 5 — : — V 

sothat  if  the  impressed  E.M.F.  =  ^cosw/ 

then —  c=:    cos(w/  —  ^) 

Thus  while  hysteresis  increases  the  impedance  of  the  circuit  it  diminishes  the 

lag  of  the  current. 

The  power  put  into  the  circuit  =  it'c cos 0 

,    OA.OG 
=  i R- 

,    0A»      ,    OA.AG 
=  i    -j^  +  i-^- 

of  which  \  -^   or   ^Rc*  is   used  in   heating  the  circuit,   and  i  — '- or 

}LMC*sin^  is  the  power  absorbed  by  hysteresis. 

Now    as    w  =  2ir  X  the    frequency,    the    energy    T    absorbed   per    cycle 

by  hysteresis  is  TLc'sino  or  ?r«*(TC* sin  o,  and  as  (t=-^-   (where  /= length, 

41= cross-section,  and  /impermeability  of  magnetic  circuit)  and  the  induction 

.     4twc 

0= — - —  we  get — 

,p       />*        .    .      bhv  .    . 
1  ^  .     .  i'sinc;=    ^   sine 
4/1  4 

where  v  is  the  vohimc  of  the  iron  and  //=  -. 

Hence  the  energy  T  absorbed  per  cycle  is — 

,,,      rbh    .     . 
i  =  -y-  sm  < , 
4 

or  per  cubic  centimeter  per  cycle — 


M*      bh   .    ^ 

1  :=    r  sm  (  . 

4 


\V.  G.  R. 


193.  Hysteresis  of  Cobalt.  J.  A.  Fleming,  A.  W.  Ashton,  and  H.  J. 
Tomlinsi3n.  (Phil.  Mag.  48.  pp.  271-279,  September,  1899.)  -The  Cobalt 
ring  used  in  the  experiments  described  had  the  following  composition  : — 

Cobalt 95'95  per  cent.  Silicon 042  per  cent. 

Xickel 0-80    „       „  Carbon     1-86     „       „ 

Iron 0*91    ,,       ,,  Sulphur  trace. 

Manganese     ...    025    ,.       .,  Phosphorus    ...  trace 

The  te>t  was  performed  ballistically,  and  the  authors  conclude  that  except 
it  low  inductions  the  hysteresis  lo^s  per  cubic  centimeter  per  cycle  (VV)  can 
bt  e.xp^e^sed  in  either  of  the  forms — 

W  =  001B»«i 
or  W  =0-527 P«* 

'rficre  B  is  the   maximum   induction,  and  I  is   the  maximum   intensity  c 
Bk^netisation.  W.  G.  I 
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194.  Alternating  Current  Theory.    C.  P.  Steinmetz.    (Amur.  I nstit.  Elect. 
Engin.,  Trans.  16.  pp.  289-816  ;  Discussion,  pp.  817-824,  1899.)— In  the  first 
part  of  the  paper,  the  author  deals  with  the  representation  of  the  power 
in  an  inductive  circuit  by  means  of  a  vector  graphically,  or  by  means  of  a 
complex  number  analytically.    The  E.M.F.  E  and  current  I  in  a  circuit  may 
be  represented  by  two  vectors  in  an  Argand  diagram  corresponding  to  the 
complex  numbers  E  =:  r, + iCy  and  I  =  ix-V  iiy  respectively  (where  /*  =  —  1).     If 
we  take  the  product  EI  of  the  two  vectors,  we  find  that  this  does  not 
correspond  to  the  power.    The  power  vector  is,  in  fact,  a  vector  whose 
frequency  is  double  that  of  E  or  I,  and  hence  it  cannot  be  represented  in  the 
same  diagram  with  E  and  I.    This  leads  us  to  consider  the  product  EI  when 
the  phase  angle  is  doubled.    Forming  this  product,  and  remembering  that 
now  P  must  be  put  =  +1,  since  a  rotation  of  tt  radians  for  E  or  I  corresponds 
to  a  rotation  of  2?r  for  the  product,  we  find  [EI]  =  (r^x+v!y)+'(^y*  —  ^*iy)» 
where  the  square  brackets  are  used  to  indicate  a  doubling  of  the  frequency. 
The  real  component  of  [EI]  gives  the  true  power  in  the  circuit,  and  the 
imaginary'  component  the  wattless  volt-amperes.     By  squaring  and  adding 
the  two  components,  the  square  of  the  total  volt-amperes  or  apparent  watti 
in  the  circuit  is  obtained.    The  author  points  out  that  [EI]  =  — [IE],  so  that 
the  law  of  commutation  ceases  to  hold  in  this  case.    The  method  of  repre 
senting  power  just  explained  is  applied  by  the  author  to  the  problem  of  twc 
polyphase    induction    motors    coupled    mechanically  and    electrically,    the 
2^  of  the  1st  motor  being  closed  by  the  V^  of  the  2nd  motor.     In  the  2nc 
part  of  the  paper,  the  author  considers  the  symbolic  representation  of  E.M.F 
and  current  waves  of  irregular  shape.     In  many  cases,  instead  of  considerin) 
such  waves,  we  may  use  equivalent  sine  waves.     In  other  cases,  howevei 
especially  in  circuits  containing  capacity  or  periodically  varying  resistanc 
or  reactance  {e.g.f  alternating    arcs,   synchronous    induction  motors,  ovei 
saturated  magnetic  circuits,  &c.),  the  use  of  an  equivalent  sine  wave  is  m 
permissible.    The  author  proposes  to  use  the  following  symbolism  in  sue 
cases.   The  general  alternating  wave  of  E.M.F.,  viz.,  E  =  Ei  sin  (pt  —  ai)-f  Ejsi 

(3/>/  — a8)4- . . .  mavbe  written  in  the  form  E=  S  2/i -i(r„ +/„<:'„),  where i„*^  — 

tlie  suffix  ;/  merely  denoting  that  the  components  of  the  various  terms  repr 
sent  different  frequencies,  and  thus  cannot  be  combined.  If  now  the  impedan 
of  the  fundamental  harmonic  be  represented  by  ri  =  r-i-i(a-,«H-.v^-f  .vj,  whe 
.v,„  stands  for  that  part  of  the  reactance  which  is  proportional  to  the  frequen 
(inductance,  &c.) ;  a,,  for  the  part  independent  of  the  frequency  (muti 
induction,  synchronous  motion,  &c.);  and  .v,  for  the  part  which  var 
inversely  as  the  frequency  (capacity,  &c.),  then  the  impedance  for  the  / 
harmonic  is  z„=z r-\- i„{nx,„-)rx„-\-Xcln),  and  the  current  may  be  represented 

22/1-1 --  .-/".±i.«iLr  The  use  of  this  symbolism  is  illustrated 

„^i         r-|-/„(/;.r,„-|-.v^-|-.iv///) 

numerical  examples. 

In  the  discussion,  L.  Bell   called  attention  to  the  imperfection  of 

ordinary  sine  wave  calculations  when  applied  to  long  lines  having  combii 

inductance  and  capacity.    D.  C.  Jackson  contributed  the  following  note 

a  method  of  treating  the  power  vector,  which  he  considers  simpler  tl 

Steinmetz's  method.      Let  cis0=cos0-|-tsin0,  so  that  cis0  represents 

operation  of  turning  a  vector  through  an  angle  0.     Writing  E^EcisO, ; 

I=Icis(ff — ^),  and  dcnoimg  the  power  vector  by  P,  we  have  P=£Is= 

^^^V^^— f^;=('i^/co.s0  — /EI  sin  0)cis  20,  and  it  is  c\car\^  ^^itv  VVi^  P  has  tii 
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the  frequency  of  I  and  E.     Moreover,  the  ordinary  commutative  law  is  valid 
m  thi>  caMT,  A.  H. 

196l  PhaU'A  ngU  Measurements.  E.  Place.  (Elect.  World  and  Engineer, 
S3,  pp.  614--616,  1809.) — ^The  author  describes  the  actual  performances  of  a 
phase-angle  instrument  based  upon  Rayleigh's  soft-iron  needle  device.  They 
vere  interesting,  though  not  quite  satisfactory,  mainly  owing  to  a  difficulty 
m  defining  the  phase  angle  when  current  and  voltage  do  not  follow  the  sine 
hw.  E.  E.  F. 


19d.  Large  Phase  Displacements.  J.  Gdmer.  (Elektrotechn.  Ztschr.  20, 
pp.  750-751,  October  26,  1899.) — In  alternate-current  work,  phase  displace- 
ments of  ninety  or  more  degrees  cannot  be  obtained  by  the  use  of  inductances 
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FIG     I 

or  condensers.  The  author  describes  several  systems  of  connection  which 
Uires  the  required  high  phase-difference.  In  fig.  1,  A  and  B  are  the  alternate 
current  terminals,  P  and  S  are  the  primary  and  secondary  coils  of  a  trans- 
former respectively.    The  displaced  current  traverses  the  portion  a  c  b.    A. 
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FIG    2. 

practically  perfect  independence  of  the  voltage  may  be  attained  by  using  two 
Tinstormers,  as  in  fig.  2,  and  suitably  adjusting  the  work  in  the  two  secondary 
cotlv  Thi>  t>'pc  is  used  by  Hartmann  and  Braun  for  their  direct-reading 
p^-^-cicier.  E.  E.  F. 

197.  Magnetism  and  Thermoelectric  Properties  of  Bismuth  ami  its  Alloys. 
G.  Spadavecchia.  (N.  Cimento,  10.  pp.  161-168,  September,  1899.)— The 
uriatioQs  ctf  thermoelectric  electromotive  force  in  alloys  of  bismuth  and  lead 
lader  the  influence  of  magnetism  increase  with  the  variation  of  the  magnetic 
ftdd.  In  some  alloys  the  changes  in  the  thermoelectric  power  have  different 
ccording  to  the  direction  of  the  magnelisa/io/}.  Under  a  given  magnetic 
ttie  vanatiofis  in  the  thermoelectric  power  progressively  increase  from 
fire  hwmnrh  up  to  a  percentage  of  0W4  of  load,  and  change  sign  between 
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0*094  and  O'lS  per  cent.  Then  the  variations  progressively  increase  up  to  a 
second  change  of  sign  at  an  alloy  containing  a  little  over  14  per  cent  of  lead. 
Finally  I  hey  change  sign  again  at  about  50  per  cent.,  and  diminish  all  the 
way  down  lo  pure  lead.    (Sec  also  1899,  Abstract  No.  1981.)  A.  D. 

198.  Molecular  StisccptibilHUs  of  Paramagnetic  Salts.  A.  P.  Wills  and 
O.  Liebknecht.  (Deutsch.  Phys.  Gescll.,  Verh.  1.  pp.  170-178,  1899.)— 
The  authors  determined  the  magnetic  susceptibilities  of  the  fluorides, 
chlorides,  bromides,  iodides,  sulphates,  and  nitrates  of  chromium,  manganese, 
iron,  nickel,  cobalt,  copper,  snd  some  rare  metals  by  du  Bois's  method  of 
non-magnetic  soliitions.  R.  E.  F. 

199.  Magiiclism.  J.  A.  Ewing.  (Instit.  Civ.  Engin.,  Proc.  ISS.  pp.  289  - 
811,  October,  1899.) — This  is  the  "James  Forrest"  Lecture  which  the 
author  delivered  before  the  Institution  of  Civil  Engineers.  It  contains  a 
general  review  of  the  progress  in  magnetism  and  of  the  various  commercial 
uses  made  of  magnetic  metals.  W.  G,  R 

300.  Magnelk  Properties  of  Iron  at  Low  Temperatures.  G.  Claude 
(Comptes  Bendiis,  129.  pp.  409-412,  August  21,  1899.)— At  a  temperature  o 
—186°,  and  at  high  induction  densities  the  permeability  and  hysteresis  los 
of  iron  is  sensibly  constant,  for  varying  magnetising  forces,  save  for  a  sligh 
tendency  towards  diminution. 

For  low  induction  densities  the  permeability  and  hysteresis  loss  diminis 
with  the  temperature  in  a  very  pronounced  manner.  W.  G.  E 

201.  Magnetic  Induction  in  a  Long  Iron  Bar.  C.  G.  Lamb.  (Phil.  Maj 
48.  pp.  262-271,  September,  1899,)— In  order  to  get  a  sufficiently  clear  notic 
of  the  induction  distribution  in  a  long  iron  bar,  and  how  it  is  produced,  it 
desirable  to  determine  the  following  data  : — 

(P)  A  curve  of  magnetisation  of  the  bar  as  determined  by  means  of 
search  coil  at  its  centre. 


f 


I 


(Q)  A  series  of  curves  for  various  fixed  m.ignetising  foi'ces  showing 
distribution  of  induction  in  each  case. 

(K)  A  magnetisation  curve  of  the  bar  uhcn  made  into  a  ring,  so  that 
induction  is  the  same  at  every  cross-section. 

The  bar  used  was  a  circular  bar  of  Low  Moor  iron  ;  it  was  0'485  cr 
mean  diameter  and  1284  cm.  long. 

The  test  was  made  K-tllistically,  and  the  accompanying  curves  obtaine 
iv/iich  the  letters  P,  Q,  K  refer  respectively  to  the  three  data  given  at 

W   ( 


ELECTRICITY.  79 

202.  Magnetism  and  Elasticity  of  Rods.  J.  S.  Stevens  and  H.  G.  Dorsey. 
Ph}-^.  Rev.  9.  pp.  116-120,  August,  1899.)— The  authors  support  the  rods, 

whose  length  is  about  66  cms.,  on  knife  edges  near  the  ends  :  in  the  centre  of 
the  rod,  suspended  from  a  hook,  is  the  load  causing  the  deflection,  and  in  the 
upper  surface  one  of  the  mirrors  of  an  interferometer.  Surrounding  the  rod 
is  first  an  air  space,  then  a  chamber  for  the  passage  of  a  stream  of  water,  and 
on  the  outside  two  series  of  coils  for  the  magnetising  current.  The  rods  were 
of  steel  and  also  of  wrought  iron.  The  results  obtained  were  that  the  modulus 
of  elasticity  of  wTOught  iron  and  steel  increased  with  magnetisation  ;  in  the 
case  of  steel  little  difference  was  observed  for  loads  of  1  kilogramme  and 
i  a  kiiogramixie,  but  in  wrought  iron  the  smaller  load  gave  the  greater  dis- 
placement when  equal  magnetising  forces  were  used.  £.  C.  R. 

203.  Distribution  of  Magnetic  Flux.  P.  Gasnier.  (Ind.  felect.  8.  pp.  414- 
416,  September  25,  1899.) — Experiments  are  described  for  determining 
the  distribution  of  flux  in  permanent  magnets,  and  to  ascertain  whether  the 
total  flux  in  the  case  of  a  horseshoe  magnet  is  modified  in  value  by  the 
presence  or  absence  of  the  armature.  A  quotation  is  cited  from  a  translation 
of  S.  P.  Thompson's  book  on  the  electromagnet,  to  the  effect  that  with  a 
horseshoe  magnet  of  iron  or  steel  magnetised  **une  fois  pour  toutes'*  the  flux 
az  the  bend  of  the  shoe  is  a  fixed  quantity,  unaffected  by  alterations  of  the 
reluctance  in  the  rest  of  the  magnetic  circuit.  The  results  of  the  present 
experiments  are  shown  as  curves  expressing  the  flux  in  webers  at  different 
points  along  a  horseshoe  magnet,  (1)  with  an  armature  ;  (2)  without  an 
armature.  The  two  curves,  corresponding  to  (1)  and  (2)  respectively,  never 
coincide  :  it  is  therefore  concluded  that  the  flux  is  different  in  the  two  cases. 
It  appears,  however,  from  the  cur\xs,  that  the  flux  at  the  middle  point  of  the 
bead  approaches  a  constant  value,  especially  for  large  magnets.  From  this 
msddle  point  the  divergence  between  the  two  curves  increases  somewhat 
slowly  until  about  one-fourth  of  the  straight  portion  has  been  traversed  from 
the  bend.  R.  A. 

204.  Hysteresis  Loss  in  Transformers.  W.  Peukert.  (Elektrotechn.  Ztschr. 
20.  pp.  674-677,  September  21,  1899.) — An  inquiry  into  the  limitations  of  the 
^(tdnmetz  formula  for  arriving  at  the  hysteresis  loss  of  all  alternate  current 
tran-iformers,  in  which — 

W=«.Bl.^„/v.V.10-', 

\V  representing  the  watts  lost, 
n  a  constant  depending  on  the  quality  of  iron, 
B  the  magnetic  lines  per  sq.  cm., 
/•the  periodicity  per  second, 
V  the  total  volume  of  the  iron  in  cub.  cm. 

A  table  is  given  showing  that  whilst  the  constant  ;/  might  be  0002  for  a 
2jven  >ample  of  iron  at  the  values  for  B  usually  employed  in  transformers' 
work,  the  constant  may  increase  as  much  as  70  or  80  per  cent,  when  carried 
lO  bigher  values  thus : — 


B«ur* 

n 

t^HKM* 

n 

2660 

0-00222 

12250 

0-00256 

4698 

0-00221 

14124 

0-00301 

6756 

0-00224 

15888 

0*00372 

IOJP7 

Oi)0246 

17243 

0-00898 
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The  results  of  a  series  of  tests  on  a  transformer  are  tabulated  for  the 
various  periodicities,  viz.,  24,  80,  888,  878,  41-8,  4667,  5067,  64-67,  and  the 
following  maximum  values  of  B,  viz.,  2,187,  8,522,  4,178,  6,192,  5,848,  and 
6,260.  The  author  gives  the  following  formula  for  arriving  at  a  suitable  B 
for  different  periodicities,  &c. 

Where  E  is  the  voltage, 
p  the  periodicity, 
tn  the  number  of  turns  of  coil, 
and  q  the  cross-section  of  the  iron  in  sq.  cms.         E.  K.  S. 

206.  Magnciocleciric  Rotations.  W.  de  Nikolai^ve.  (Comptes  Rendus, 
129.  pp.  475-477,  September  18, « 1899.) — A  brass  rod  is  suspended  inside  a 
hollow  cylinder  so  that  the  two  can  rotate  independently,  a  current  being 
sent  through  them  in  series  by  mercury  contacts.  The  system  is  placed  in  a 
strong  magnetic  field.  The  cylinder  and  the  rod  then  rotate  in  opposite 
directions,  being  acted  upon  independently  by  the  magnet.  When  they  are 
rigidly  connected  the  system  stops,  or  nearly  stops,  any  residual  rotation 
being  due  to  want  of  symmetry  in  the  distribution  of  the  currents.      E.  E.  F. 

206.  Magnetism  and  Molecular  Rotation,    G.  F.  Fitzgerald.    (Electrician, 
48.  pp.  582-588,  August  4,  1899.>— Although  Lord  Kelvin  has  discarded  the 
g3rrostatic  hypothesis  of  matter  as  unable  to  account  for  the  ^eeman  effect,  the 
author  points  out  **  a  modification  of  Lord  Kelvin's  molecule  by  which  the 
difficulty  of  producing  thin  lines  is  surmounted,  while  rotation  of  the  plane  of 
polarisation  is  produced  by  the  rotation  of  part  of  the  molecule.     Imagine 
one  of  Lord  Kelvin's  spherical  atoms  immersed  in  a  soft  jelly.    It  consists  of 
a  thin  spherical  shell  attached' to  the  jelly.    Inside  this  place  a  concentric 
spherical  shell,  separated  from  the  first  by  a  symmetrical  system  of  perfect!} 
smooth,  non-conducting  springs,  so  that  the  inside  sphere  may  be  able  to  tun 
round  freely  in  any  direction  inside  the  outer  one.     Inside  the  inner  sphere  i) 
suspended  centrally,  by  a  symmetrical  system  of  springs,  a  heavy  particle 
This  system  can,  by  the  oscillation  of  the  inside  heavy  particle,  emit  a  vibrati(M 
of  a  definite  frequency,  i.d.,  a  thin  line  to  the  spectrum.    Now,  if  the  oute 
sphere  be  positively  and  the  inner  one  negatively  electrified,  and  the  whol 
be  subject  to  a  growing  magnetic  induction,  the  outer  sphere  will  be  given 
twist  in  one  direction  and  the  inner  in  the  opposite  direction.    The  attad: 
ment  of  the  outer  sphere  to  the  jelly  will  prevent   it  from   taking  up 
continuous  rotation,  but  the  inner  sphere  will  rotate  round  the  diamet< 
parallel  to  the  magnetic  induction,  and,  being  supported  by  perfectly  smool 
springs,  will  continue  rotating  as  long  as  the  magnetic  induction  lasts.  Whc 
the  magnetic  induction  ceases  this  will   produce  a  twist  on  the  rotatic 
electrified  sphere  which  will  stop  its  rotation.     During  its  rotation  the  sphei 
will  carry  round  with  it  the  central  heavy  particle.    If  this  latter  be  vibratin 
its  vibrations  will  be  affected  by  the  rotation,  and  if  it  be  kept  in  vibration  I 
a  plane  polarised  wave  motion,  traversing  the  jelly  in  the  direction  of  the  aj 
of  rotation,  this  rotating  molecule  will  react  upon  the  jelly  in  such  a  w; 
as  to  produce  a  rotation  of  the  plane  of  polarisation  such  as  is  required 
illustrate  the  Faraday  rotation."  E.  E. 

^OZ  J/agnefic  Shielding,     A.   P.   Wills.    (Phys.   Rev.  9.  pp.  198-2] 
October,  1899.) — A  theoretical  discussion  of  the  sh\e\dmg  eftec\s  produced 
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triple  concentric  spherical  and  triple  coaxial  cylindrical  shells.  The  author 
refers  to  the  work  of  du  Bois  (see  1898,  Abstract  No.  954)  on  this  subject,  and 
deduces  expressions  for  the  shielding  effect  due  to  triple  shells  in  terms  of  the 
geometrical  data  of  the  shells  and  the  (constant)  permeability  of  the  material. 
The  paper  contains  three  sets  of  diagrams  referring  to  uni-,  hi-,  and  tri-lamellar 
shields  respectively,  and  showing  the  variation  of  the  shielding  effect  with 
thickness  of  shell.  A.  H. 

208.  Electric  Railways  and  Magnetic  Observatories.  J.  Edler.  (Deutsch. 
Phys.  Gesell.,  Verh.  1.  pp.  174-180,  1899.) — Measurements  with  an  intensity 
variometer,  carried  out  in  Berlin  and  Spandau,  show  that  in  the  case  of 
an  electric  railw*ay  with  a  return  along  the  rails  the  distance  between  the 
railway  and  a  magnetic  observatory  should  not  be  less  than  8  km.  For  the 
most  delicate  measurements  a  distance  of  15  km.  does  not  guarantee  absolute 
safety,  but  special  tests  must  be  made  for  each  individual  case.  E.  E.  F. 

209.  Magnetic  Elements  in  Italy.  L.  Palazzo.  (Accad.  Lincci  Atti, 
fi.  pp.  22-28,  July  2,  1899.) — The  author  gives  the  values  of  the  magnetic 
dements  at  twenty-three  stations  observed  in  1891-2.  The  stations  were 
chosen  so  as  to  investigate  the  disturbances  due  to  volcanic  rocks.  (See  also 
1898,  Abstract  No.  270.)  W.  W. 

REFERENCES. 

210.  ElcctrvlyUc  Interrupter.  W.  Zieglcr.  (Wied.  Ann.  69.  8.  pp.  718-719. 
Xovember,  1899.) — A  claim  of  pnority  by  the  author  for  himself  and  F.  Richarz. 

to  paper  by  H.  T.  Simon  (sec  1899,  Abstract  No.  1919).  E.  E.  F. 


211.  IVchnelt  and  Gildwell  Interrupters.  M.  Lamotte.  (Eel.  Elech*.  21 
pp.  41-46,  October  14th ;  pp.  127-137,  October  28,  1899.)— On  the  form  of  cuiTcnt 
prodnced  in.  the  difference  of  potential  between  the  terminals  of,  and  the  energy  dis- 
»;^*r*1  in,  liquid  interrupters. — (Pp.  180-184,  November  4th)  Illustrating  modifications 
0^  Wchnelt  and  of  Simon  and  Caldwell  interrupters.— (Pp.  250-256,  November  18th) 
ion  and  application  of  Wehnelt  interrupter  and  work  of  E.  Lecher. 


212.  Animal  Electricity.      W.   S.   Hedley.     (Elect.   Rev.    45.  pp.    468-469, 
22,  1899.) — Abstract  of  Burdon-Sanderson's  Croonian  Lecture.  H.  B. 


213.  Electricity  before  Volta.    E.  de  Fodor.     (Zeitschr.  Elektrotcchii.,  Wicn. 
17.  pp.  568-5G9,  November  5,  1899.) 


.  Electric  Progress.     E.  J.  Houston.    (Gassier,  17.  pp.  145-153.  December, 
^4— Historical  data,  both  purely  scientific  and  technical. 


215.  Sounds  emitted  by  the  Electric  Arc.  F.  J.  Jervis-Smith.  (Electrician, 
M.  p.  16i,  October  27, 1899.) — Note  on  the  sound  emitted  by  an  arc  on  making  the 
omit  Of  an  electrolytic  interrupter. 

216u  Alternating  Currents  of  very  High  Frequency.  W.  G.  Royal-Dawson. 
lafiiL  Elect  Ejigin.,  Joum.  28.  pp.  655-658,  August,  1899.— Abstract  of  paper  read 
"^      Stodents'  Section.)  ^ 


217.  Vcita  and  the  Voltaic  OJl    A.  Right     (Elect.   Rev.  i5.  pp.   694-696, 

Mcr  ST.  1899.)— vi  kcture  deUveredin  Como,  Set  'ytemt)er  18,  1899. 
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variations  from  Ostwald's  dilution  law,  except  in  so  far  as  it  is  not  permissible 
to  treat  the  concentration  of  the  water  as  constant. 

8.  Treating  the  concentration  of  the  water  as  constant,  the  ratio  of  the 
concentrations  of  a  hydrated  and  a  dehydrated  ion  will  remain  the  same,  pro- 
vided there  is  no  secondary  electrolytic  dissociation.  F.  G.  D. 

225.  Origin  of  Symmetry  in  Crystals.     Polymorphism.    F.    Wallerant. 
(Comptes  Rendus,  129.  pp.  775-778,  November  18,  1899.)— The  symmetry  of 
crystals  is  considered  as  the  result  of  the  progressive  transformation  of  limited 
into  real  elements  of  symmetry ;    the  chemical  molecules,  exercising  on 
exterior  points  actions  which  distribute  themselves  nearly  symmetrically  with 
regard  to  certain   elements,  group  themselves  into  fundamental  particle? 
having  geometrically  limited  elements,  and  these,  in  their  turn,  form  complex 
particles,   having  a  real  symmetry.    The  limited  elements  of  the  complex 
particles  finally  become  the  elements  of  the  crystal  groupings.    Should  th« 
angles  between  the  limited  elements  of  the  fundamental  particle  differ  fror 
those  between  the  angles  of  a  polyhedron,  the  symmetry  of  the  comple 
particle,  though  containing  the  same  number  of  fundamental  particles,  ma 
vary.    The  networks  will  be  identical,  or  only  slightly  different,  but  the  re; 
elements  of  one  form  which  are  wanting  in  another  become  the  real  elemen 
of  the  crystal  groupings  in  the  latter.     If  the  external  conditions  vary,  tl 
fundamental    particles    may    themselves    undergo    modification,    and    tl 
symmetry  of  the  complex  particle  may  vary  by  the  transformation  of  limit 
into  real  elements,  and  inversely.  N. 

226.  Formation  of  Glauberite.  J.  H.  van't  Hoff  and  D.  Chiaravigl: 
(Preuss.  Akad.  Wiss.  Berlin,  S.ber.  42.  pp.  810-818,  November  2,  1899. 
This  investigation  forms  another  of  the  series  of  researches  undertaken  \\ 
the  view  of  explaining  the  Stassfurt  salt  deposits.  The  previous  investigati* 
(see  1899,  Abstract  No.  1939)  have  dealt  with  the  more  soluble  chlorides  : 
sulphates  of  potassium,  sodium,  and  magnesium.  The  present  one  deals  v 
the  less  soluble  sulphates  of  calcium  and  the  double  sulphates  of  calcium 
magnesium,  and  calcium  and  sodium.  J.  B 

227.  T/ansfortnation  of  Styrolene  by  Light.     G.   Lemoine.      (Com 
Rendus,  129.  pp.  719-722,  November  6,  1899.) — Styrolene  or  cinnamene,  C 
changes  by  heat  in  darkness  into  a  polymer,  metastyrolenc.    This  same  [ 
merisation  is  produced  at  ordinary  temperatures  by  sunlight,  but  slowl 
one  hour  from  1  to  3  per  cent.) ;  the  mixture  remains  homogeneous,  foi 
metastyrolenc  dissolves  in  styrolene  in  excess.     The  blue  and  ultra-^ 
radiations  are  especially  active  in  producing  the  change.     The  prir 
action  of  the  light  is  to  accelerate  an  exothermic  transformation,  which  \ 
be  produced  in  darkness  at  the  same  temperature,  but  much  more  slowl) 

J 

228.  Guttapercha.  Spranger.  (Archiv.  Post.  Tele.  23.  pp.  98* 
December,  1899.) — Tliis  paper  is  an  account  of  the  distribution  and  proj 
of  the  gutta  plant,  statistical  figures  as  to  import,  mode  of  purificatio 
the  physical  and  chemical  characteristics  of  the  purified  material  chiefl) 
from  E.  Obach's  paper  (see  1898,  Abstracts  Nos.  537  and  831),  and  als< 
Gummi,  Guttapercha  and  Batata,  by  Franz  Clouth,  Leipzig,  1899.  < 

229.  So/idi/icaiioii  of  Hydrogen.    J.  Dewar.    (Comptes  Rendus,  1 
461-464,  September  4,  1899.    Also  Nature,  60.  p.  5U»  ^v^^mber  21 
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paper  read  before  the  British  Association.) — In  order  to  obtain  solid  hydrogen, 
a  small  double •^'allcd  test  tube  was  filled  with  the  liquid  and  suspended  in 
a  bath  of  liquid  hydrogen  contained  in  a  larger  double-walled  tube.  The 
presaore  was  then  diminished  to  10  mm.,  but  no  solidification  occurred.  It  is 
subsequently  shown  that  this  is  due  to  superfusion.  In  the  course  of 
mcasorenients  of  the  boiling-point  of  liquid  hydrogen  under  diminished 
pressure,  made  by  means  of  electrical  resistance  thermometers,  a  small 
quantity  of  air  leaked  into  the  apparatus  and  solidified  ;  under  these  circum- 
stances the  hydrogen  solidifies  to  a  kind  of  solid  foam  when  the  pressure  is 
reduced  below  60  mm.  To  decide  whether  this  foam  is  really  solid  hydrogen, 
a  fla&k  of  1  litre  capacity,  to  which  a  long  glass  tube  and  a  small  manometer 
were  sealed,  was  filled  with  hydrogen  and  closed.  The  glass  tube  was 
immeraed  in  liquid  hydrogen  boiling  under  reduced  pressure.  At  80-40  mm. 
the  latter  solidified  to  a  mass  of  foam,  and  it  was  found  that  the  narrow  tube 
vas  full  of  a  transparent  solid,  which,  however,  enclosed  some  gas  bubbles 
near  its  surface.  The  maximum  density  of  the  liquid  was  0*086.  Solid 
hydrogen  melts  when  its  vapour  pressure  reaches  55  mm.  The  melting-point 
vas  detcrrmined  by  two  hydrogen  thermometers;  resistance  thermometers 
are  unreliable  at  these  low  temperatures.  The  temperature  of  the  solid 
hydrogen  was  16°  absolute  at  85  mm.  At  760  mm.  liquid  hydrogen  boils  at 
21',  the  vapour  pressure  of  liquid  hydrogen  (in  mm.)  is  therefore  approxi- 
mately represented  by  log  />=6"7841— 83'28/T,  from  which  the  freezing-point 
(ai  55  mm.)  is  calculated  to  be  16*7^  absolute.  The  freezing-point  on  the 
absolute  scale  is  therefore  almost  half  the  critical  temperature  (80°  to  82°). 

T.  E. 

230.  Heat   of  Oxidation    of   Tungsten,     Del6pime    and    Hallopeau. 

iComptes  Rendus,  129.  pp.  600-608,  October  16,  1899.)— The  authors  have 

determined   the  heats  of    oxidation   of    W  and  WOt  with    the    following 

results  : — 

W-h 80= WOj-h  196-8  cal.  (const,  press.) 

WO,-f  0=WOj-|-64-9  cal.      „ 

whence—  W-fO,=WOi-h2x  65*7  cal.   „ 

Tcey  employed  the  calorimetric  bomb,  using  oxygen  at  25  atmospheres  for 
W,  and  at  15  atmospheres  for  WOt>  and  avoided  the  use  of  iron  wire,  sub- 
stituting for  it  O^Ol-OOS  gr.  camphor,  which  was  ignited  by  0*01  grm.  gun- 
cotton.  Comparisons  are  made  with  other  heats  of  oxidation,  and  deductions 
made  therefrom  by  means  of  Berthelot's  principle  of  maximum  work. 
Tungsten  does  not  reduce  silica,  alumina,  magnesia,  nor  oxide  of  zinc.  On 
the  other  hand,  it  easily  reduces  the  oxides  of  antimony,  lead,  and  copper  at 
the  temperature  of  an  ordinary  Bunsen  flame.  F.  G.  D. 

231.  Direct  Determination  of  Heat  of  Formation  of  Aluminium  Bromide,  N. 
Beketoff.  (Acad.  Sci.  St.-Petersbourg,  Bull.  10.  pp.  79-81,  1899.)— The  heats 
of  formation  of  most  chemical  compounds  are  determined  by  indirect 
method^.  Since  the  indirect  method  involves  the  determination  o'f  the  heats 
of  a  number  of  reactions,  the  final  result  will  involve  all  the  errors  made  in 
shese  determinations.  The  author  has  determined  by  a  direct  method  the 
bcai  of  formation  of  AltBr<,  and  finds  it  to  be  41,000  calories — ^a  value  which 
B  intermediate  between  that  given  by  Thomsen  (40,000)  and  that  determined 
fay  Bertfaclot  (42,000).  The  method  of  experimenting  consisted  in  introducing 
ly  weighed  qusuitities  of  bromine  into  an  aluminium  vessel.    The 
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bromine  was  sealed  up  in  small  glass  spheres,  which  were  wrapped  up  in 
aluminium  foil,  aluminium  filings  being  packed  on  the  top  of  the  spheres. 
Since  bromine  readily  attacks  aluminium  at  ordinary  temperatures,  the 
reaction  commenced  as  soon  as  the  glass  spheres  were  broken.  The 
aluminium  vessel  into  which  the  spheres  were  dropped  could  be  lowered  into 
a  water  calorimeter,  the  thermal  capacity  of  which  was  such  that  a  tempera- 
tiu-e  rise  of  not  less  than  2  and  not  more  than  8  degrees  was  produced,  so  that 
the  loss  of  heat  by  radiation  during  the  experiment  was  very  small.         A.  H. 

232.  Velocity  of  Detonation  of  Acetylene.  Berthelot  and  Le  Chatelier. 
(Comptes  Rendus,  129.  pp.  427-484,  August  28,  1899.)--The  acetylene  was 
exploded  in  horizontal  glass  tubes  about  1  m.  long  and  of  2  mm.  to  6  mm.  in 
diameter,  and  was  operated  with  at  various  pressures  between  5  and  80  kg. 
per  sq.  cm.  The  velocity  was  registered  by  a  falling  photographic  apparatus, 
released  at  the  moment  of  detonation.  The  image  of  the  horizontally  moving 
flame  in  the  tube,  combined  with  this  vertical  movement,  gave  a  curve  on  the 
photograph,  from  which  at  any  point  the  velocity  could  be  found.  In  some 
cases  the  trace  was  almost  a  straight  line,  but  in  others  it  showed  a  velocity 
increasing  to  a  maximum.  The  results  indicate  that  the  velocity  depends 
upon  the  initial  pressure  of  the  gas,  from  about  1,000  m.  per  sec.  at  5  kg.  per 
sq.  cm.  to  1,600  at  80. 

The  differences  in  character  between  the  case  of  acetylene  and  the  explo- 
sion of,  5ay,  oxygen  and  hydrogen,  is  pointed  out.  In  their  case  bodies  are 
formed  which  dissociate  at  temperatures  reached  in  the  explosion,  so  that  the 
action  is  not  so  uncontrolled  as  when  the  products  are  those  of  decomposition 
only.  F.  T.  T. 

233.  Gas  Reactions  in  Chemical  Kinetics.  M.  Bodenstein.  (Zeitschr. 
Phys.  Chem.  29.  (I.)  pp.  147-158,  (II.)  295-814,  (III.)  315-850,  (IV.)  429-448, 
(V.)  665-699,  and  (VI.  and  VII.)  30.  pp.  113-139,  May-October,  1899.) 

I.  Gas  reactions  have  the  advantage  over  those  in  the  liquid  state  that  they 
can  be  extended  over  wide  temperature  intervals  (200°-800°).  The  approxi- 
mate uniformity  of  the  temperature  coefficient  of  the  latter  arises  from  the  fact 
that  all  have  been  investigated  within  about  the  same  range  of  temperature : 
by  theory  a  falling  off  at  high  temperatures  of  the  rate  of  increase  of  rcactioii 
velocity  is  to  be  expected,  as  is  in  fact  found  in  the  case  of  the  following  gases. 
"Pseudo-equilibrium"  has  been  put  forward  experimentally  by  Pelabon  and 
Helier,  and  theoretically  by  Duhem,  and  is  now  investigated  by  the  author. 

II.  The  theory  is  tested  with  HI  between  283°  and  508°.    The  heat-pro- 
duction  (Warme-tonung)  q,  calculated  from  the  coefficients  of  equilibrium,  is 
found  to  vary   considerably  with   the    temperature,  and    is    of    the    font 
A+BT-|-CT»,  and  therefore  K,  ki  and  kj,  each  of  the  form- 
log  K=-^-h|/«T.f^T-hconst. 

The  relation  K=^i/*f  is  found  to  hold  between  356°  and  508°  within  th 
somewhat  wide  limits  of  experimental  error  ;  the  differences  below  856°  (u 
to  85  per  cent.)  may  be  due  to  tlie  failure  of  iodine  vapour  to  obey  the  laws  < 
an  ideal  gas.  The  value  of  q  extrapolated  to  20°  agrees  but  poorly  with  thi 
observed  in  the  calorimeter.  The  increase  of  velocity  of  decomposition  U 
l(f  rise  of  temperature  between  800°  and  500°  is  somewhat  less  (1*9  to  1 
times)  than  that  observed  for  liquid  reactions  at  ordinary  temperatures. 
///.  The  combination  of  hydrogen  and  sulphur  is  found  to  be  practical 
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oompletc  at  8OCf-60(f,  and  the  inverse  reaction  only  reached  a  few  tenths  per 
cent  after  long  heating ;  Pelabon's  "  pseudo-equilibria"  are  therefore  only 
errooeoiis  observations  due  to  shortness  of  time.  The  velocity  of  combination 
is  dtetcnnined  at  856^  for  varying  Ht  concentration  with  constant  vapour 
pressure  of  sulphur,  and  also  for  varying  concentrations  of  sulphur,  and  found 
to  be  prop>ortional  to  the  former  and  nearly  to  the  square  root  of  the  latter,  the 

fbrmola,  drldts=k(a — j:X6— x)*,  where  a  and  b  are  the  original  concentrations  of 
hydrogen  and  sulphur,  agreeing  best  with  the  results.  This  the  author 
explains  by  supposing  that  the  reaction  takes  place  in  three  stages-^ 

S8=4S, 
S,=2S 
H,-|-S=H,S, 

of  which  the  first  is  negUgeably  slow,  the  second  (almost)  negligcably  fast, 
and  the  third  is  that  of  which  the  velocity  is  measured.  The  concentration 
of  S  ^la^t  then  be  proportional  to  the  square  root  of  that  of  Sj,  and  the  latter 
wiU  be  practically  proportional  to  that  of  Ss.  The  increase  of  velocity  for 
every  10^  rise  of  temperature  is  comparable  (1*4  to  1*8)  with  that  observed  in 
liquid  reactions. 

IV.  Hydrogen  selenide  decomposes,  and  likewise  is  formed  much  faster, 
when  the  walls  of  the  containing  vessel  are  coated  with  selenium,  and  the 
pmportionality  between  the  velocity  and  the  quotient,  surface/volume,  indi- 
cates that  the  reaction  takes  place  entirely  on  the  surface.  The  equilibrium 
attained  is  the  same  for  both  formation  and  decomposition  when  sufficient 
lime  is  allowed,  thus  disproving  Pelabon's  "  pseudo-equilibria."  Other 
criticisnis  of  Pelabon's  paper  are  also  given. 

V.  The  combination  of  H»  and  Oj  between  482°  and  689°  is  studied  by 
pa>>3ng  the  ga>es,  mixed  in  different  proportions,  through  clean  porcelain 
tube<.  and  measuring  the  diminution  in  volume.  The  time  spent  by  each 
portion  in  the  heated  tube  is  calculated  and  the  velocity  of  combination 
dettrrmined.  The  reaction  is  found  to  take  place  exclusively  on  the  walls  of 
the  tube,  and  is  shown  by  the  satisfactory  constancy  of  the  calculated 
cccnicient  to  be  trimolcculary  in  accordance  with  the  equation — 

2H,-I-0,=2H,0. 

The  velocity  varies  with  the  tube  used,  and  its  temperature  coefficient  is 
icnjcwhat  uncertain.     The  formula — 

log  /t=-~^— 48-455  log  T + 163 

b  g:ven-  At  the  highest  temperatures  the  transition  to  an  explosive  reaction 
was  clearly  shown,  in  accordance  with  van't  Hoff's  explanation,  the  velocity 
risiRg,  owing  to  evolution  of  heat,  more  rapidly  than  the  walls  of  the  tube 
ccaki  cquali>e.     Helier's  "  pseudo-equilibrium"  was  not  observed. 

VI.  Various  forms  of  baths  and  thermostats  for  constant  high  temperatures 
are  de^ribed,  applicable  from  100°  to  700°. 

VII.  Summary  of  results.  B.  B.  T. 


L  Puudo-Equilihria,  P.  Duhem.  (Zeitschr.  Phys.  Chcm.  29.  pp.  711- 
714,  September  15, 1899.)— A  reply  to  the  criticisms  of  Bodenstein  on  Pelabon's 
Bwk.  The  author  points  out  that  Bodenstein  may  have  erred  in  overlooking 
the  soK-ent  action  of  melted  sulphur  on  the  sulphuretted  hydrogen  produced 
iathe  reaction  between  hydrogen  and  melted  sulphur.     If  enough  sulphur 
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were  present  this  might  make  the  reaction  appear  unlimited,  in  accordance 
with  Bodenstein's  results.  As  Pelabon  has  found  that  a  very  considerable 
absorption  of  sulphuretted  hydrogen  by  sulphur  docs  occur,  and  as  Bodsn- 
stein  does  not  appear  to  have  allowed  for  this,  the  author  challenges  the 
accuracy  of  Bodenstein's  results.  F.  G.  D. 

236.  Chemical  Equilibrium  in  Systems  of  Two  and  Three  Bodies.  V. 
Kouriloff.  (Acad.  Sci.  St.-Petersbourg,  Mem.  8.  4.  pp.  1-98,  1899.)— An 
elaborate  treatise  on  the  subject.  Chapter  I.  deals  with  the  experimental 
methods  employed  by  the  author,  including  the  determination  of  solubility, 
lowering  of  freezing-point,  rise  of  boiling-point  and  electrical  conductivity. 
Details  regarding  all  the  precautions  employed  are  given.  Chapter  II.  is 
concerned  with  the  conditions  of  equilibrium  in  a  system  of  two  bodies,  the 
following  typical  cases  being  studied  in  detail :  (1)  /3-naphthol  and  benzene ; 
(2)  /3-naphthol  and  picric  acid  ;  (8)  triphenyl-methane  and  benzene  ;  (4)  picric 
acid  and  benzene ;  (6)  ammonia  and  ammonium  nitrate.  The  following 
tables  contain  some  of  the  results  of  these  experimental  investigations: — 

1.  /3-Naphthol  axd  Benzene. 

Temperature      121    112*5  1065    95*8    898     87    77-4    71*5   67     82*5    12 

Molecules    of 
C10H7OH  in 

100      mole-  1-100     79       716    618    448    898  251    17*8  14*6    86    ISS 
cules  of  mix- 
ture 

2.  )3-Naphthol  and  Picric  Acid. 

Temperature       1222   117    120*2    146     151  156*4  150*8  186*4  127     117     121 
Molecules     of  \ 
picric     acid 

in  100  mole-  [  100    95*6    85*4    70*2   62*9   51*4    85*2    281  12*4   4*87     0 
cules  of  mix- 
ture 

8.  Triphenyl-Methane  and  Benzene. 

Temperature  87*8   88*5    77*6  77*1  78*2   74*7    71    60*6    52*1     40    24*5 

Molecules   of    tri-  \ 
phenyl-methane 

in      100     mole-  V897   82*1    78*5    59    49*7    82*5   26*8  15*1      10    4*86    liW 
cules    of     mix- 
ture 

4.  Picric  Acid  and  Benzene. 

Temperature       122*2    111    95*1     88*8    85*6    88*8     77     67    40*4      15     10 

Molecules     of 
picric    acid 

in  100  mole-  ^  100     84*5     68*2    56*6    51*9    48*8    87*6  20*2    7*59   21  1*7 
cules  of  mix- 
ture 

5.  Ammonia  and  Ammonium  Nitrate. 

Temperature       168    109*8    94    68*8    888    0    -10*5    -84   -44*5   -60  -80 

(about)  (aboa 

Molecules     of 

NH4       NO3 

in  100  mole-  Vioo      78*2   67-3    58*8  45*8  88*8   86*9   80*9     189       6      0 
culesofX Hi  j 
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Chapter  III.  deals  with  the  conditions  of  equilibrium  in  a  system  of  three 
bodies  the  particular  substances  studied  being  picric  acid,  /3.naphthol  and 
beozeney  amd  a  method  of  representing  the  experimental  results  by  a  three- 
dimensional  model  being  explained.  In  Chapter  IV.  is  considered  the 
application  of  the  law  of  mass  action  to  the  study  of  equilibrium  in  a  triple 
system.  Chapter  V.  is  devoted  to  a  consideration  of  the  effect  of  a  solvent 
oa  the  progress  of  a  reaction,  and  contains  a  simultaneous  application  of  the 
hw  of  mass  action  and  the  phase  rule  to  this  problem.  A.  H. 


Melting-points  of  Mixtures  of  Optical  Antipodes,  M.  Centnerszv^er. 
(Zeitschr.  Phys.  Chem.  29.  pp.  715-726,  September  15,  1899.)— The  author  has 
investigated  the  following  series  of  mixtures  : — d-  and  i-  dimethyl  tartrate  ; 
1-  and  i-  methyl  mandelate ;  d-  and  1-  tartaric  acid  ;  1-  and  i-  isobutyl  mande- 
bte ;  1-  and  i-  mandelic  acid ;  d-  and  1-  chlorsuccinic  acid ;  d-  and  1- 
camphoric  acid ;  d-  and  i-  chlorsuccinic  ;  d-  and  1-  isocamphoric  acid  ;  d- 
aad  i-  benzyl-aminosuccinate  ;  d-  and  1-  aminosuccinic  acid ;  d-  chlorsuccinic 
and  1-  bromsuccinic  acids;  i-  chlorsuccinic  and  1-  bromsuccinic  acids.  In 
all  except  two  cases  the  "  normal "  results  are  obtained,  i.e.,  when  melting- 
point  as  ordinate  is  plotted  against  composition  as  abscissa,  the  curves  show 
one  majdmam  and  two  break-minima.  This  means  that  in  these  cases  racemic 
oompoonds  are  stable  under  the  conditions  of  the  experiment  and  no  solid 
.<olotions  are  formed.  In  two  cases  a  different  behaviour  was  observed.  The 
curves  for  the  two  mixtures,  d-  and  i-  dimethyl  tartrate,  d-  and  1-  tartaric 
add,  show  no  minima  and  one  break-maximum.  This  indicates  the  presence 
of  a  racemic  compound  and  two  series  of  solid  solutions  in  each  case.    F.  G.  D. 

237.  Alloys  of  Platinum  and  Palladium  with  Cadmium,  Zinc,  and 
Magncstum.  Hodgkinson,  Waring,  and  Desborough.  (Chem.  News, 
80.  p.  185,  October  20, 1899.  Paper  read  before  the  British  Association,  1899.) 
— The  more  volatile  metals  were  brought  in  contact  with  the  platinum  or 
palladium  in  the  form  of  vapour.  Platinum  gave  PtCdi  as  a  white,  crystal- 
line, very  brittle  substance  which  does  not  lose  weight  when  heated-to  redness 
tn  lactuf.  With  zinc,  the  alloy  contained  45  per  cent,  of  Zn,  much  of  which 
volatilised  at  a  red  heat  in  vacuo^  leaving  PtZn  (24*45  per  cent.  Zn)  as  a 
crystalline,  very  brittle  mass.  Magnesium  gives  a  friable,  crystalline  alloy, 
approximating  to  the  formula  PtMgj.  Palladium  shows  practically  no 
ttcdency  to  take  up  either  cadmium  or  zinc  vapour.  Nickel  behaves 
sioilarlv.  T.  E. 


Fifth  Report  to  the  Alloys  Research  Committee.  W.  C.  Roberts- 
Atisten.  (Instit.  Mech.  Engin.,  Proc.  1.  pp.  35-68.  Discussion,  pp.  68-102, 
Fcbmary,  1899.) — In  the  present  experiments  a  new  differential  recording 
pyrometer  is  used  to  study  the  phenomena  of  recalescence  in  the  cooling 
cf  iron.  Two  galvanometers  are  used,  one  of  the  sensitiveness  hitherto 
employed,  the  other  much  more  sensitive.  The  platinum-iridium  wire  of 
the  thermal  junction,  which  is  inserted  as  usual  in  the  iron  under  examina- 
tMJn,  passes  through  a  bored  platinum  cylinder  in  close  proximity  to,  and 
therefore  at  the  same  temperature  initially,  as  the  iron.  A  second  junction 
wish  the  platin-iridium  is  made  within  the  mass  of  platinum,  and  the  thermal 
carrcnt  here  generated  is  opposed  to  the  equal  and  opposite  current  from  the 
fint  couple.  The  sensitive  galvanometer  is  so  connected  that  it  fails  to 
aw4K-;^ff>  SO  loTig  zs  tlicse  opposiDj^  Currents  arc  equal,  but  as  soon  as  recales- 
occors  in  the  iron  the  equWbrium  is  destroyed  and  a  reading  is  obtained 
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tfaoriom  salts  the  amount  of  salt  in  concentrated  solutions  is  much  less  than 
with  the  sodium  salts.  The  curves  obtained  arc  approximately  straight  lines 
inclined  to  each  other  at  about  90^  and  intersecting  at  the  temperature  48°  C. 
This  transition  temperature  was  tested  also  by  the  dilatometer,  which  gave 
46-5'C.  A  tensimeter  method,  in  which  the  point  of  equality  of  vapour 
pressures  of  the  dry  salt  and  its  saturated  solution  is  determined,  gave 
between  4^  and  48P  C.  J.  B.  H. 

241.  Energy  of  Carbon  and  Voltaic  Action,    C.  J.  Reed.    (Elect.  World 
and  Engineer,  84.  pp.  281-283,  August  12th  ;  271-278,  August  19th  ;  808-809, 
August  26th  ;  and  842-848,  September  2nd,  1899.)— After  enunciating  funda- 
mental principles  of  voltaic  action,  the  author  considers  the  possibility  of 
Toltaically  oxidising  carbon  by  means  of  oxides,  and  thus  converting  its 
energy  directly  into  electric  energy.     From  thermal  considerations  it  appears 
that  only  a  few  oxides  are  available,  and  of  these  the  oxides  of  copper, 
bismuth,  nitrogen,  and  sulphur  are  the  only  ones  which  are  found  in  nature, 
and  are  wholly  reducible.    None  of  these,  however,  are  capable  of  competing 
with  the  steam  engine  on  account  of  their  cost.     Oxides  which  are  partially 
reducible  arc   likewise   unavailable.     The  author    then    discusses    indirect 
methods.    The  problem  is  not  to  find  a  solvent  for  carbon,  but  to  find  a 
process  by  which  carbon  may  transfer  its  energy  to  a  suitable  substance 
from  which  the  encrg}'  may  be  subsequently  liberated  voltaically.     Such  a 
process  takes  place  in  every  primary  battery,  but  the  efiiciency  is  much  too 
low  to  compete   with   the    steam    engine.     Several    such    efficiencies    are 
calculated.  W.  R.  C. 

242.  Theory  of  Lead  Accumulators.  M.  Mugdan.  (Zcitschr.  Elektro- 
chcm.  6.  pp.  309-820,  December  7,  1899.)— Although  the  theory  of  the  lead 
accumulator  as  a  reversible  element  is  pretty'  firmly  established,  there  is 
general  confusion  with  regard  to  the  chemical  processes  taking  place  in  the 
cell,  and  the  views  of  Darrieus  (see  1898,  Abstract  No.  1356),  which  are 
irreconcilable  with  the  theory,  are  still  accepted  by  many.  According  to  this 
investigator,  the  FbOj  of  the  positive  plate  is  reduced  to  FbO  during  the 
discharge,  whilst  lead  suboxide  is  formed  at  the  negative  plate,  and  the 
production  of  lead  sulphate  is  regarded  as  due  to  secondary  reactions ;  the 
peroxide  produced  in  charging  is  held  to  be  the  result  of  the  oxidation  of  the 
sulphate  by  persulphuric  acid.  The  experiments  described  in  the  present 
paper  were  undertaken  with  the  view  of  reconciling  the  physical  and 
chemical  investigations  of  the  action  of  the  cell.  Contrary  to  the  views 
of  Darrieus,  it  is  found  that  even  with  high  current  densities,  rapid  dis- 
charges, and  dilute  electrolytes,  i.e.,  under  conditions  least  favourable  to 
sulphating,  lead  sulphate,  and  at  most  only  very  trifling  quantities  of  oxide, 
is  formed  on  both  plates.  In  short,  lead,  lead  peroxide,  and  lead  sulphate 
are  the  only  substances  concerned  in  the  discharge  of  the  accumulator. 

By  means  of  analyses  before  and  after  discharging  in  circuit  with  a 
copper  voltameter,  it  is  shown  that  with  10  per  cent,  sulphuric  acid,  a  current 
density  of  0*02  amperes  per  square  centimetre,  and  a  discharge  lasting  twenty 
minutes,  lead  sulphate  is  formed  on  both  plates  in  practically  the  theoretical 
amount.  When  sodium  sulphate  solution  is  substituted  for  sulphuric  acid, 
oxide  is  formed  at  the  positive  plate,  but  sulphate  to  the  extent  of  70  per  cent, 
of  the  theoretical  amount  is  produced  at  the  negative  electrode.  In  a  second 
series  of  experiments  the  plates  were  discharge* I  in  normal  sulphuric  acid, 
tlKiroughly  washed,  digested  with  a  known  quantity  of  normal  acid,  and  t 
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amount  of  acid  absorbed  subsequently  determined  by  titration.  The  results 
show  no  evidence  of  the  production  of  oxide,  except  at  the  positive  plate 
when  sodium  sulphate  was  used  instead  of  acid  in  the  discharge,  and  arc  in 
full  agreement  with  the  view  that  sulphating  is  a  primary,  and  not  merely  a 
secondary  process.  These  results  are  confirmed  by  experimental  determina- 
tions of  the  curves  of  anodic  and  kathodic  polarisation,  of  which  diagrams  are 
given.  It  is  also  shown  that  persulphuric  acid,  which  is  formed  in  trifling 
quantity  in  charging  under  normal  conditions,  exerts  no  oxidising  action  on 
lead  sulphate,  as  required  by  Darrieus's  theory  ;  on  the  contrary,  it  deoxidises 
lead  peroxide. 

Experimental  confirmation  is  adduced  of  Dolezalek's  theory  that  the 
E.M.F.  of  the  accumulator  depends  only  on  the  concentration  of  the  electro- 
lyte, and  it  is  pointed  out  that  the  changes  in  the  E.M.F.  during  charging  and 
discharging  are  due  to  variations  in  the  resistance  of  the  cell  brought  about  by 
the  influence  of  sulphating  and  local  variations  in  the  concentration  of  the 
electrolyte.  The  influence  of  acid  concentration  on  the  E.M.F.  of  the 
electrodes  taken  separately  is  finally  discussed,  and  the  theoretical  deductions 
shown  to  be  in  accordance  with  experiment.  N.  L. 

243.  Paraanisaldoximcs,  H.  R.  Carveth.  (Journ.  Phys.  Chem.  8. 
pp.  437-451,  October,  1899.) — a-Paraanisaldoxime  melts  at  once  at  62*8°, 
and  in  55  minutes  at  61*0°,  but  does  not  melt  at  68-9°  in  136  minutes. 
/3.Paraanisaldoxime  melts  in  30  seconds  at  134°,  in  155  seconds  at  124'5°» 
in  6  minutes  at  117*1°,  and  in  2  hours  at  89*5°.  This  variation  in  melting- 
point  is  due  to  the  fact  that  both  isomerides  undergo  isomeric  change,  and 
pass  in  the  fused  state  to  a  condition  of  equilibrium.  The  stable  triple-point 
at  which  the  solid  a-oxime  is  in  stable-equilibrium  with  the  fused  mixture  is 
64*20° ;  the  entectic-point  lies  about  0*2°  lower  and  represents  the  freezing- 
point  of  a  mixture  containing  a  slight  excess  of  the  /CJ-oxime  as  compared 
with  the  normal  state  of  equilibrium  in  the  fused  mixture. 

The  addition  of  hydrochloric  acid  converts  both  oximes  completely  into 
the  hydrochloride  of  the  /3-oxime.  The  reconversion  of  the  /3-oxime  into  the 
stable  a-oxime  takes  place  gradually  by  heating  it  either  alone  or  with  a 
solvent,  and  is  indicated  by  the  lowering  of  the  melting-point ;  this  falls  to 
118°  by  heating  with  alcohol  at  100°  for  an  hour,  and  to  86°  by  heating  for 
2^^  hours ;  8  hours'  boiling  with  toluene  lowers  the  melting-point  to  111^, 
70  minutes'  boiling  with  toluene  to  127°,  and  2  hours*  boiling  with  acetone 
to  62°.  As  the  isomeric  change  takes  place  most  rapidly  in  acetone  and  leasi 
rapidly  in  toluene,  the  latter  is  the  best  solvent  to  use  for  recrystallising  thi 
/3-oxime.  T.  M.  L 

244.  Dissociation    of  Gases,    R.    Wegscheider.     (Akad.  Wiss.  Wien 
S.ber.  108.  pp.  69-81,  1899.) — Under  constant  external  pressure  and  at 
uniform  temperature  the  proportionate  number  of  gramme-molecules  dis 
sociatcd  is,  when  there  is  an  infinite  dilution  with  one  of  the  products  c 
dissociation,  the  square  of  what  it  is  when  there  is  no  such  dilution  ;  th) 
is,  when  the  products  of  dissociation  are  two  in  number.     For  intermedial 
conditions  the  proportion  dissociated  is  intermediate ;    and  no  amount  < 
dilution  with  one  of  the  products  will  altogether  prevent  dissociation  fro 
taking    place.      If    the  dissociation-reaction  be  that   ;7o  gramme-molecul 
break  up  into  fii,  /ft,  .  .  .  &c.,  gramme-molecules,  there  arc  three  case 

("JJ  ^/o  — (ffj  -^  /fs-h  &c.)<0,  wherp  «i,  the  missing  w,  is  that  corresponding 
t/ie  product  of  which  an   excess  is  added :  in  this  case  the  dissociatic 
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at  infinite  dilution  with  the  product  of  dissociation,  is  complete ;  (2) 
m  — I'fl, -f  &c.)^0,  in  which  case  the  proportion  between  the  dissociated 
and  ondissociated  at  infinite  dilution  with  one  product 
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where  a  is  the  proportion  dissociated  when  there  is  no  dilution ;  and  (8) 
«•  —  (n»-h  &c.)>0,  in  which  case  an  excess  of  a  product  completely  checks 
dissociation.  Examples  of  these  three  cases :  (1)  [not  given  :  qy.  ammonia 
gks.  diluted  with  nitrogen  ?] ;  (2)  carbonic  acid  diluted  with  oxygen : 
2  COt=Of +2  CO  ;  no=2,  nt=2 ;  no  —  72t=0  ;  the  dissociation  has  a  definite 
Talue  at  all  dilutions  with  oxygen ;  hence  no  excess  of  oxygen  will  enable 
carbonic  oxide  to  become  thoroughly  burned  into  carbonic  acid  ;  and  where 
the  proportions  dissociated  without  dilution  with  ox3'gen  were  0*01,  01,  0*8, 
0-5,  0*7.  0*9,  respectively,  the  corresponding  dissociations  at  infinite  dilutions 
with  ox>'gen  would  be  00007,  0 024,  0184,  0*309,  0-648,  and  0*884,  so  that  the 
restraining  effect  of  the  addition  of  oxygen  rapidly  falls  off  as  the  original 
tendency  to  dissociation  increases ;  (8)  carbonic  acid  diluted  with  carbonic 
oxide  :  2  COj=2  CO  +  Oi :  ;/o=2,  ni=l ;  «o — Wi>0  ;  a  considerable  excess 
of  carbonic  oxide  will  completely  prevent  dissociation.  Under  constant 
volume  on  the  other  hand,  an  excess  of  one  of  the  products  will  restrain,  and 
an  infinite  excess  will  completely  prevent  dissociation.  When  a  reaction  in  a 
dilute  solution  is  associated  with  a  change  in  the  osmotic  pressure,  there  is  on 
farther  dilution  a  change  in  the  equihbrium  such  as  tends  to  increase  the 
osmotic  pressure,  and  thus  acts  in  a  sense  opposed  to  the  dilution.  The 
presence  of  phosphorus  trichloride  docs  not  completely  prevent  the  dis- 
sociition  of  phosphorus  pentachloride  :  some  3  to  10  per  cent  was  dissociated 
in  Wurtz -s  experiments.  A.  D. 

245.  Uranyl  Salts.  C.  Dittrich.  (Zeitschr.  Phys.  Chem.  29.  pp.  449- 
490,  1899.) — The  electrolytic  conductivity  and  freezing-points  of  solutions 
of  a  number  of  uranyl  salts  and  of  mixtures  of  uranyl  and  sodium  salts 
are  measured,  also  the  solubility  of  uranyl  oxalate  in  sodium  oxalate 
"solution  and  some  thermochemical  data.  Qualitative  experiments  show  that 
the  uranium  migrates  to  the  anode  when  solutions  of  sodium  uranyl  acetate 

concentrated),  propionate,  oxalate,  tartrate  and  citrate  are  electrolysed. 
It  i^  *»ho\vn  that  in  these  cases  complex  anions  containing  the  UOi  radicle  are 
formed.  In  most  uranyl  salts  UOj  is  the  kathion.  The  details  are  mainly  of 
chemical  interest.  T.  E. 

246.  Liquid    Mixtures    with    Minimum    Boiling-  foinis.      J.    H.    Pettit. 
Journ.    Phys.   Chem.   8.   pp.   849-868,  1899.)— The  following  statement  is 

submitted  to  experimental  examination  :  If  the  vapour-pressure  curves  of 
two  liquids  which  are  miscible  in  all  proportions  intersect,  then  some  mixture 
of  the  hquids  has  a  maximum  or  minimum  boiling-point.  Mixtures  of 
chloroform  and  methyl  alcohol  have  a  minimum  boiling-point  at  about 
90  per  cent,  of  chloroform,  mixtures  of  acetone  and  methyl  alcohol  have  a 
minimum  at  86*5  per  cent,  of  acetone,  mixtures  of  ether  and  methyl  alcohol 
have  neither  a  minimum  nor  a  maximum  boiling-point.  In  the  two  first  cases 
the  \-apour-pressurc  curves  intersect ;  in  the  last  case  they  do  not.  Fourteetv 
otiser  cases  of  minimum?  boiling-points  are  collected  from  ^existing  sources, 
aad  where  vapour-pressure  curves  are  available  they  are  shown  to  follow  the 
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rule.  The  converse  is  also  true  as  far  as  data  are  available.  The  composition 
of  the  vapour  evolved  from  mixtures  of  acetone  and  methyl  alcohol  is  deter- 
mined, and  the  application  of  the  results  to  the  practice  of  fractional  dis- 
tillation pointed  out.  T.  E. 

247.  Chemical  Equilibrium  and  E.MS,  H.  Danneel.  (Zeitschr.  Elek- 
trochem.  6.  pp.  298-296,  November  28,  1899.)— The  author  considers  the 
reaction,  Mi+MfXj^JMiX+Mi  where  one  metal  partially  displaces  another 
equi-valent  metal  from  a  solution  of  one  of  its  salts.  Regarding  the  dissocia- 
tions as  complete,  the  equilibrium  may  be  written  :  Mi  +  M}=Mi-f  Mt.  By 
a  somewhat  roundabout  method  the  author  arrives  at  the  following  result 
(c/.  Nemst  and  Ogg) :  The  ratio  of  the  solution-tensions  of  the  two  metals 
is  equal  to  the  corresponding    ionic    concentrations   when   equilibrium  is 

attained  in  the  above  reaction. 

+        + 
Putting  Mi  =  Ag,  M,=  H  and  HX=HI,  we  have  Ag4-H=Ag-f-H,  and— 

Ph  ^  [H]o 

^^     [Ag]o 

\\^here  the  Fs  denote  solution-tensions  and  the  suftixes  0  indicate  equilibrium- 
values  of  the  ionic  concentrations.  Considering  Agl  to  be  completely 
dissociated  in  solution,  and  putting  its  solubility  in  mols.ssa,  we  have/^r  any 

+       - 
'  solution  with  solid  Agl  present,    [Ag]    [I]=a*.     In   a  solution   containing 

+ 
any  appreciable  quantity  of  HI  we  may  put  [H]  =  [I],  and  so  we  get  finally — 

+  a» 

[Ag]o=ri:- 

[H]o 
and  therefore — 

Ph_[H]o. 
Pa,""    a» 

P 
The  author  obtains  the  value  of  ^  from  the  known  K-M-F*.  of  a  silver-hydrog«i 

cell  in  which  the  ionic  concentrations  of  silver  and  hydrogen  are  equal,  and . 
the  value  of  a*  from  the  solubility-measurements  of  Spccketer  and  Goodwin. 

In  this  way  he  calculates  [H]o= 0*057 at  18°  C.     His  own  actual  determination 

+ 
of  [H]o  gave  0042  at  18°  C.   In  view  of  the  difference  in  temperature,  and  the 

uncertainty  of  the  solubility-data  for  Agl,  the  agreement  is  regarded  by  the 

author  as  satisfactory.  F.  G.  D. 

.  a48.  Electrolytic  Potential  and  its  Application,  A.  Schtikarew.  (Zeitschr. 
Phys.  Chem.  29.  pp.  726-729,  September  16,  1899.)— The  author  introduces 
into  the  theory  of  conducting  solutions  a  function  ^,  the  "electrolytic 
potential,"  defined  by  the  equation  : — 

IVhcre  U= inner  energy  of  systemj  X=its  electroljrtic  conductivity,  T    temi- 
perature,  S=s:  entropy,  /= pressure,  i;s=volamef  mssmass  oC  a  componeal; 
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^ssGibbsian  chemical  potential  of  a  component.  Following  Gibbs's  thermo- 
dynamkal  method  the  author  then  proceeds  to  deduce  the  "dilution- 
formula  : — 

Logi>o  — Logti_^ 

LogX^  — LogX 

which  he  shows  to  hold  well  for  solutions  of  acetic  acid. 

[It  is  necessary  to  remark,  however,  that  the  authors  theor}'  contains  the 
assumption  dft  =:  Kd^,  for  which  he  gives  no  justi6cation.]  F.  G.  D. 

249.  Conductivity  of  Aqueous  Solutions  of  Potassium  Magnesium  Sulphate. 
T.  C.  McKay.  (Elektrochem.  Ztschr.  6.  pp.  111-116,  September,  1899.) — 
A  series  of  experiments  was  made  to  ascertain  whether  the  conductivity  of 
solutions  of  the  double  sulphate  of  potassium  and  magnesium  could  be 
calculated  on  the  assumption  that  the  salt  is  decomposed  into  potassium  and 
magne^iom  sulphates  by  dissolution  in  water.  With  solutions  of  the  double 
salt  containing  from  0*4  to  1  gramme — equivalent  per  litre  the  conductivity 
is  less  than  that  calculated  for  the  separate  salts,  but  with  more  dilute 
^utions  the  reverse  is  the  case,  although  the  differences  are  small.  It  is 
concluded  that  in  dilute  solutions  the  double  sulphate  suffers  decomposition, 
but  that  in  strong  solutions  the  two  constituents  remain  united.  N.  L. 

250.  Conductivity  of  Aqueous  Solutions  of  Alkali  Chlorides  and  Nitrates, 
F.  Kohlrausch  and  M.  E.  Maltby.  (Prcuss.  Akad.  Wiss.  Berlin, 
S.  bcr.  86.  pp.  666-671,  July  20,  1899.)— The  authors  seek  to  attain  a  higher 
degree  of  accuracy  than  has  yet  been  reached,  especially  with  the  more  dilute 
solutions  by  using  reliable  electrical  standards  and  thermometers,  by  special 
care  in  the  manipulation  of  the  electrical  measurements,  by  employing  salts 
kod  v^-ater,  purified  with  unusual  care,  and  by  paying  great  attention  to  the 
Accurate  determination  of  the  concentration  of  the  solutions. 

The  new  determinations  give  numbers  which  are  somewhat  smaller  than 
t.iosc  previously  accepted  as  the  most  accurate,  especially  in  the  most  dilute 
aclutioud  where  difiFerences  of  i  to  2^  per  cent,  are  found. 

The  results  show  that  up  to  and  including  the  concentration  0*002  gram. 
moL  per  litre,  the  law  of  independently  mobile  ions  is  exactly  true  ;  in  more 
concentrated  solutions  this  is  not  the  case.  The  diminution  of  the  equivalent 
conductivity  with  increasing  concentration  is  roughly  proportional  to  the 
^uare  root  of  the  equivalent  conductivity.  T.  E. 

251.  I onisation  of  Good  Electrolytes.  H.Euler.  (Zeitschr.  Phys.  Chcm.  29. 
pp.  60i£M(12,  September  15, 1899.)--That  salts  do  not  follow  Ostwald's  dilution 
law  may  be  due  (a)  to  invalidity  of  the  equation  a=/4p//i«  ;  {b)  to  invalidity 
01  the  law  of  mass-action. 

\^a)  The  equation  a=zfirlfi^  assumes  that  the  mobility  of  the  ions  is 
!  Independent  of  the  concentration.  The  loss  of  mobility  due  to  the  greater 
liscoaity  of  more  concentrated  solutions  is  too  small  to  account  for  the 
diaerence^  observed.  There  is  no  reason  to  assume  a  hydration  of  the  ions, 
.ncreabing  with  dilution,  which  might  a£Fect  the  mobility,  because  the  active 
inaas  of  the  water  is  practically  constant  in  moderately  dilute  solutions.  The 
electrostatic  charges  of  the  ions  may  possibly  affect  their  mobilit}\ 

[b)  The  law  of  mass-action  refers,  strictly,  to  the  osmotic  pressures  of  the 
reacting  substances  and  not  to  their  concentratioiis.    It  is  very  possible  that 
the  osmotic  pressure  of  a»  ionised  substance  is  smaller  than  that  which  would 
com^H)od  to  its  concentration.    An  attempt  to  test  this  view  failed.     l(  the 
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ionising  power  of  a  solvent  increases  with  the  number  of  ions  in  solution 
owing  to  increased  polymerisation  (see  1899,  Abstract  No.  1940),  the  effect 
should  decrease  as  the  temperature  rises,  and  Ostwald's  law  should  be  more 
nearly  true  at  high  than  at  low  temperatures.  Measurements  of  the  conduc- 
tivity of  KCl  and  AgNOs  show  that  the  precise  opposite  is  the  case.  The 
author  finally  falls  back  on  the  assumption  of  a  "  change  of  the  ionising  power 
of  the  solvent  by  the  dissolved  salt."  T.  E. 

262.  lonisation  of  Sulphuric  Acid.  W.  Starck.  (Zeitschr.  Phys.  Chem. 
29.  pp.  385-400,  July  28,  1899.)— It  is  probable  that  sulphuric  acid  is  dis- 
sociated, in  aqueous  solution,  into  the  ions  H,  SO4,  and  HSO4,  and  that  the 
relative  quantity  of  the  last  increases  with  the  concentration  of  the  acid.  If 
this  is  true,  the  migration  constant  for  the  anion  (;i),  calculated  on  the  assump- 
tion that  SO4  ions  alone  are  formed,  should  increase  with  the  concentration. 
Determinations  of  the  migration  constant  in  acids  containing  from  0*29  to 
over  81  per  cent,  of  HjSO^show  that  this  is  the  case,  the  values  of  n  increasing 
from  about  0*2  to  0'64.  The  values  of  n  also  increase  considerably  with 
rising  temperature. 

Contrary  to  Bein's  statement  (see  1899,  Abstract  No.  1284),  the  values  of  n 
obtained  in  apparatus  containing  diaphragms  of  parchment  paper  or  porous 
porcelain  are  smaller  than  those  obtained  in  apparatus  without  a  diaphragm. 

T.  E. 

263.  Calculation  of  Depression  of  Freezing-point.  E.  H.  Archibald. 
(Chem.  News,  80.  pp.  46-47,  July  28th  ;  67-69,  August  4th ;  68-69,  August 
11th  ;  and  76-77,  August  18,  1899.  Transactions  of  Nova  Scotian  Institute 
of  Science,  vol.  10,  1898-99.) — The  object  of  the  experiments  was  to  test  the 
values  of  ionisation  coefficients  obtained  by  J.  G.  MacGregor's  graphical 
method  in  the  case  of  a  mixture  of  solutions  of  two  electrolytes  with  a  common 
ion,  by  employing  them  in  the  calculation  of  the  depression  of  the  freezing- 
point.  Solutions  of  potassium  and  sodium  sulphates  were  employed.  In  the 
conductivity  determinations  it  was  found  that  the  temperature  coefficient  for 
potassium  sulphate  diminished  with  increase  of  dilution,  the  reverse  being  the 
case  with  sodium  sulphate.  The  ionisation  coefficient  of  potassium  sulphate 
increases  slightly  with  rise  of  temperature,  but  in  the  case  of  the  sodium  salt 
it  diminishes.  Depressions  of  freezing-point  were  measured  by  the  method 
of  Loomis,  and  results  were  obtained  agreeing  well  with  Loomis's.  The 
observed  and  calculated  values  for  the  depression  in  the  case  of  the  simph 
solutions  agreed  closely.  The  calculations  for  the  mixtures  were  made  by  th< 
following  formula,  due  to  MacGregor  : — 

A=l-86(l-|-a,-fa,)N/2. 

(fli,  ai  are  the  ionisation  coefficients  and  N  the  gr.-equivalents  per  litre.)    Th 
calculated  and  observed  results  showed  an  equally  good  agreement.    W.  R.  C 

264.  Electrolytic  Solution-pressure,  R.  A.  Lehfeldt.  (Phil.  Mag.  41 
pp.  480-483,  November,  1899.  Paper  read  before  the  British  Associatio 
September  20,  1899.)— The  electromotive  force  between  a  metal  and  9 
electrolyte,  as  given  in  Nernst's  well-known  form,  is — 

E  =  — log.p 

The  values  obtained  by  Le  Blanc  for  the  electrolytic  solution  pressure 
/rom  the  observed  values  of  the  E.M.Fs,  vary  irom  ^'^xlO+M  atmosphei 
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for  zinc,  to  1'5  x  10'^  atmospheres  for  palladium,  numbers  which  it  is  difficult 
to  accept  as  representing  physical  realities. 

The  author  introduces  another  objection.  If  an  electrical  double  layer 
is  formed  between  the  metal-plate  and  the  ions  in  solution  near  it,  a 
tension  is  set  up  between  the  two.  The  amount  of  this  tension  is  2ir<r*/D,  on 
the  assumption  tliat  the  electricity  is  distributed  in  two  layers  of  equal  surface 
density  *,  D  being  the  dielectric  constant  of  the  medium.  Also  9=:  ex, 
where  jr=  number  of  gramme-equivalents  of  metal  per  square  centimetre  of 
surface  which  have  gone  into  solution.  Substituting,  for  the  case  of  zinc 
(D=80  for  water)  we  get — 

.V = 1  •  27  grammes, 

which  b  obviously  not  the  case.  J.  B.  H. 

266.  Photographic  Study  of  Cells,  R.  R.  Ramsey.  (Phys.  Rev.  9.  pp. 
IHmSO,  September,  1899.) — Toplers  Schlkrcuapparat  may  be  used  for  the 
study  of  the  actions  within  the  electrolytic  cell.  Every  change  of  density 
is  indicated  by  a  darkening  or  brightening  of  the  field.  The  author  re- 
produces some  photographs  obtained  with  the  current  passing  up  or  down 
through  the  liquid.  E.  E.  F. 

266.  Luminous  Phenomena  in  Electrolyiic  Cells.  F.  Eichberg  and 
L.  Kallir.  (Akad.  Wiss.  Wicn.,  S.ber.'lOS.  pp.  212-219,  1899.)— When 
alternating  currents  are  passed  between  two  aluminium  or  magnesium 
plate  electrodes  in  dilute  acid  solutions,  or  solutions  of  some  salts,  a  con- 
tinuous luminous  glow  is  seen  all  over  both  electrodes,  slightly  greater  in 
intensity  nearer  the  edges  of  the  plates  than  at  the  centres.  With  continuous 
cun-ents  the  phenomena  are  somewhat  different.  A  clean  aluminium  plate 
as  anode  becomes  luminous  at  the  moment  of  making  the  current,  but 
very  quickly  loses  the  luminosity.  A  similar  plate  as  kathode  does  not 
become  luminous.  An  aluminium  plate  which  has  been  used  as  anode 
becomes  luminous  when  used  as  kathode  in  very  dilute  acid  or  in  water  ;  but 
in  stronger  acid  solutions,  and  in  solutions  of  caustic  potash,  alum,  and  copper 
sulphate  no  luminosity  is  detected.  When  both  electrodes  become  luminous 
the  relative  intensities  depend  on  the  concentration  of  the  solution. 

In  order  to  find  to  what  particular  part  of  the  period  of  the  alternating 
current  the  luminosity  is  due,  the  electrodes  were  examined  stroboscopically, 
the  stroboscopic  disc  being  driven  by  a  motor  running  off  the  same  alternating 
current  mains.  By  this  means  each  part  of  the  electrode  is  only  visible 
Ai  one  particular  phase  of  the  current.  The  alternate  light  and  dark  spaces 
then  seen  show  that  each  electrode  is  lighted  up  once  during  each  half  period. 

J.  B.  H. 

257.  ElccirolyUc  Evolution  of  Gases,  W.  A.  Caspari.  (Zcitschr.  Phys. 
Chem.  30.  pp.  89-97,  October  18,  1899.)— This  investigation  was  undertaken 
«*ith  the  view  of  determining  the  minimum  E.M.F.  at  which  gas  bubbles  are 
evolved  in  the  electrolysis  of  acid  solutions.  The  phenomena  at  the  two 
electrodes  are  considered  separately,  the  electrodes  being  in  separate  vessels 
A  and  B,  connected  by  a  capillary  tube.  The  vessel  A  is  similarly  connected 
*ith  a  third  vessel  C,  which  contains  a  large  electrode  of  platinised  platinum, 
the  part  above  the  solution  being  surrounded  by  an  atmosphere  of  hydrogen. 
The  electrode  in  B  is  fixed  and  is  a  large  plate  of  platinised  platinum,  whiL 
Ihe  electro<ie  in  A  is  altered  in  the  different  experiments  and  is  of  wire.    The 

VOL.  III.  H 
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E.M.F.  is  applied  to  A  and  B,  and  is  increased  until  bubbles  are  seen  on  the 
electrode  in  A.  The  difference  of  potential  between  the  A  and  C  electrodes 
is  then  measured.  Theoretically  this  should  be  zero  when  A  is  kathode,  and 
1-08  volts  when  A-is  anode.  Owing  to  the  evolution  of  gas  it  is  always  greater 
than  these  values,  the  excess  E.M.F.  varying  with  the  metal  of  the  A 
electrode,  with  several  other  conditions.  A  table  of  Caspari's  results  was 
given  in  the  Abstract  No.  1941  (1899).  The  general  results  of  the  experi- 
ments are  : — 

1.  With  platinised  platinum  electrodes  in  acid  solution,  a  visible  evolution 
of  gas  begins  first  of  all  with  from  1'66  to  1*56  volts,  at  ordinary  temperatures 
and  pressures. 

2.  The  evolution  of  hydrogen  on  platinised  platinum  is  practically  a 
reversible  phenomenon,  and.  the  theoretical  E.M.Fs.  are  obtained.  Other 
metals  require  an  excess  E.M.F. 

8.  This  excess  E.M.F.  is  increased  by  great  current  densit}%  but  is  little 
influenced  by  the  nature  of  the  surface  of  the  electrodes. 

4.  The  excess  E.M.F.  is  the  deciding  factor  in  the  chemical  evolution 
of  h5'drogen  from  the  interaction  of  metal  and  acid,  making  the  evolution 
possible  with  some  metals  and  not  with  others. 

5.  The  deposition  of  bromine  and  of  iodine  on  platinum  fulfils  the  con- 
ditions of  reversibility. 

6.  Silver  is  deposited  from  complex  salts,  also  as  a  reversible  phenomenon 
in  spite  of  very  low  ion  concentration.  J.  B.  H. 

268.  Velocities  of  Ions  in  Electrolysis,  O.  Masson.  (Zeitschr.  Phys, 
Chem.  29.  pp.  501-526,  July  28,  1899.)— This  paper  starts  with  a  review  of 
the  history  of  the  subject,  which  the  author  divides  into  three  parts  :  th< 
Hittorf,  the  Kohlrausch,  and  the  Lodge  and  Whetham  parts.  He  criticise 
the  several  experimental  methods  adopted  by  these  investigators,  and  also  th< 
application  of  their  experimental  results  to  the  theory.  He  then  describes  hi 
own  method,  and  shows  how  in  it  all  the  factors  in  the  general  equatio 

C= A-(U  -h  V)=  A-ir.v(w  -h  v) 

are  measurable,  so  that  his  experimental  results  should  really  test  the  theor 
or  rather  should  test  the  assumptions  on  which  the  theory  is  built. 

He  adopts  Lodge's  plan  of  making  his  electrolytes  stiff  with  gelatine, 
long  straight  tube  is  filled  with  the  hot  solution  of  electroljrte  and  gelatir 
and  the  solution  is  allowed  to  cool  and  stiffen  in  the  tube.  Any  solutl< 
projecting  beyond  the  ends  is  then  cut  off.  This  tube  is  made  to  coniu 
two  large  flask-shaped  vessels  through  stoppered  openings  in  their  std 
Each  of  these  vessels  contains  a  large  plate  electrode,  and  the  ves 
containing  the  anode  is  filled  with  a  solution  having  a  coloured  ani 
(CuSOi),  and  the  other  is  filled  with  a  solution  having  a  coloured  kath: 

(K,Cr04-hK,Cr,07). 

The  current  circuit  is  made,  and  a  time  record  taken  of  (1)  the  current, 
the  E.M.F.  between  the  electrodes,  (8)  the  progress  of  the  coloured  katb 
along  the  tube,  (4)  the  progress  of  the  coloured  anion  along  the  tube.  It  she 
be  stated  that  these  coloured  ions  should  be  so  chosen  that  their  velod 
are  less  than  those  of  the  corresponding  ions  in  the  electrolyte  in  the  ti 
otherwise  the  advance  of  the  coloured  ions  will  not  be  sharply  defii 
T/2e  advance  of  the  colour  is  taken  by  means  of  graduations  on  the  tube. 
experiment  was  finished  when  the  two  colours  met.    The  ratio  of  the  len 
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of  the  coloured  columns  is  constant  and  gives  the  ratio  u/v  for  tliat  particular 
concentration,  while  the  rates  of  growth  of  these  coloured  columns  give  the 
actual  values  of  U  and  V  for  the  particular  potential  gradient.  Since  the 
uncoloored  part  of  the  electrolyte  in  the  tube  remains  always  of  the  same 
concentration  and  of  the  same  specific  resistance  (since  the  temperature 
i>  kept  constant),  the  falling  off  in  the  current  must  be  due  to  the  increase  of 
resistance  of  the  coloured  parts.  The  potential  gradient  in  the  uncoloured 
part  must  be  proportional  to  its  length  and  to  the  current ;  and  its  actual 
valoe  can  be  obtained  from  one  measurement  of  the  resistance. 

The  results  of  experiments  with  a  number  of  different  electrolytes  are 
ffvcn  in  tabular  form  in  the  paper,  and  are  applied  to  test  the  above  equation 
with  fairly  satisfactory  results,  the  greatest  discrepancy  being  with  MgS04, 
which  0ves  with  different  concentrations  the  ratios  between  the  two  sides  of 
the  equation  as  from  0*942  to  0*807  instead  of  unity.  The  variations  in  this 
ratio  \k-ith  the  other  salts  experimented  with,  arc  from  8  per  cent,  above 
onity  to  5  per  cent,  below.  J.  B.  H. 

259.  Action  of  Electric  Currents  upon  Ferments,  F.  J.  Mdller.  (Ind. 
Eiectrochim.  8.  pp.  68-64,  1899.  from  "  Revue  de  Chimie  Industrielle,"  p.  169, 
1899.: — The  author  gives  brief  notes  relating  to  the  work  of  Hermite, 
Opperniann,  Prochownik,  Hall,  Sommer,  Schwartz,  Burri,  Foth,  d'Arsonval 
and  Charrin,  Kruger,  Spilker  and  Gottstein,  and  of  himself  in  connection  with 
the  investigation  of  this  subject. 

He  then  describes  some  investigations  by  Duclaux  upon  vinous  fermenta- 
tion, and  states  that  this  chemist  has  found  that  alternating  currents  of  low 
£.11. F.  can  be  used  to  hinder  the  development  of  objectionable  or  foreign 
ferments  in  the  "  must "  or  "  wort."  This  method  is  in  actual  operation  in  an 
Anstnan  alcohol  factor}'.  Aluminium  electrodes  are  used,  with  an  alternating 
current  of  O'lO  to  0*20  amperes  per  square  decimeter,  and  an  E.M.F.  of  only 
$  '.-olts.  Continuous  currents  may  be  used ;  but  in  this  c<ise  thermal  and  chemical 
eaccts  are  also  obtained  at  the  electrodes,  which  arc  not  conducive  to  the 
attainment  of  the  desired  results.  J,  B,  C,  K. 

260.  Action  at  the  Aluminium  Anode,  K.  Norden.  (Zeitschr.  Elektro- 
cbtm.  6.  pp.  159-167,  September  7th,  and  188-202,  September  14, 1899.)— This 
paper,  a  great  part  of  which  is  mainly  of  chemical  interest,  is  described  as  a 
contribution  to  the  electrolytic  transformation  of  alternate  into  direct  currents 

Compare  1898,  Abstracts  Nos.  207,  1358),  and  the  first  part  consists  of  a 
critical  and  historial  account  of  the  researches  of  Woehler,  Buff,  Bectz, 
Gfaetz,  Follak,  Wilson,  and  others,  on  the  abnormal  behaviour  of  the  alumi- 
sium  anode.  The  second  part  is  devoted  to  an  exhaustive  quantitative  study 
ot  the  cell,  and  full  details  of  the  electrical  measurements  and  chemical 
axaly^s  are  given  in  the  paper.  The  film  which  forms  on  the  surface  of 
the  anode  is  >hown  to  be  a  mixture  of  aluminium  hydroxide  and  basic 
ao^hate  with  a  little  silica  and  metallic  aluminium  ;  it  plays  an  important 
part  in  the  action  of  the  cell,  which  is  considered  to  take  place  thus.  The 
oxygen  resulting  from  the  secondary  decomposition  of  the  sulphuric  acid 
iorcis.  with  the  co-operation  of  the  water  of  the  electrolyte,  a  layer  of 
abtniniuin  hydroxide  on  the  anode.  This  is  at  first  attacked  by  the  sulphuric 
idd  and  enters  into  simple,  chemical  solution  ;  the  aluminium  sulphate  thus 
formed  round  the  anode  reacts  with  the  hydroxide  thereon  and  converts  it 
iBtD  basic  sulphate,  which  is  ag^n  transformed  into  tlie  normal  sulphate  by 
Ifae  walphvnc  add  of  tAc  electrolyte.    At  tliose  parts  of  the  anode  where  the 
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metal  is  exposed  through  solution  of  the  layer  of  hydroxide  the  oxygen  atoms 
give  up  their  charge  and  either  escape  in  the  gaseous  state  or  are  employed 
in  forming  new  layers  of  hydroxide  which  are  then  acted  on  as  previously 
described.  The  hydroxide  which  enters  into  simple  chemical  solution  is 
nevertheless  to  be  considered  in  reckoning  the  work  done  by  the  current, 
since  its  formation  from  the  aluminium  is  brought  about  by  the  oxidising 
action  of  the  current.  The  transmission  of  the  current  by  the  cell  is  unin- 
telligible if  the  anode  film  be  regarded  as  insoluble,  and  in  the  case  of  electro- 
lytes, such  as  neutral  salts,  which  are  less  favourable  to  the  solution  of  the 
basic  salt  the  resistance  to  the  current  is  much  increased.  Hence  the  use  of 
neutral  or  alkaline  solutions,  as  suggested  by  Pollak,  is  more  advantageous 
for  the  rectification  of  alternate  currents  than  that  of  dilute  sulphuric  acid. 

N.  L. 

261.  Disintegration  of  Metallic  Kathodes,     G.  Bredig  and  F.   Haber. 
(Ind.  Electrochim.  8.  p.  75,  July,  1899,  from  Bull.  Soc.  Chim.  8.  12.  p.  267.)— 

-  An  anode  of  platinum  and  a  kathode  of  lead,  the  latter  consisting  of  thread 
'.-.  freshly  cut  and  only  touching  the  surface  of  the  electrolyte  (40  per  cent, 
sulphuric  acid)  with  an  K.M.F.  of  about  24  volts,  cause  a  disintegration  of 
the  lead  which  diffuses  round  the  kathode.  By  breaking  and  making,  this 
phenomena  is  maintained,  which  otherwise  ceases  to  manifest  itself.  The 
more  dilute  the  acid  and  the  greater  the  E.M.F.  employed,  the  more  marked 
is  the  effect,  resulting  in  local  fusion  of  the  kathode  on  the  surface.  Crs07Kt 
in  small  quantities,  however,  obviates  this  result.  With  the  cmplojrment  of  a 
caustic  electrolyte  this  disintegration  is  still  more  marked.  The  lead  thus 
precipitated  is  extremely  active,  and  by  the  employment  of  a  9(rfution  ol 
KjCOs  and  gassing  with  C0»,  white  lead  is  formed ;  but  the  cost  of  productitt: 
would  prevent  the  commercial  application  of  this  method.  \ 

Other  metals  disintegrated  in  alkaline  solutions  are  Hg,  Th,  Bi^  As,  S| 
whereas  Zn,  and  Cd,  and  the  other  more  infusible  metals  do  not  iijhow  thl 
reaction.     In  an  acid  solution  only  Bi  and  Pb  are  affected  in  this  manner.    * 

The   authors   explain  this   phenomenon   by  the   formation  of  metalli 
hydrides  and  their  fusibility,  and  in  the  case  of  lead  by  the  lesser  ^greatc 
displacement  of  the  metallic   kathode  surfaces  previously  investigated   b 
Haber.    The  disintegration  is  not  accompanied  by  luminous  effects  and 
therefore  unlike  the  arc,  the  discharge  in  Geissler  tubes  and  the  incande 
cence  of  metallic  filaments.  O.  J. 

262.  Nature  of  Zinc  Sponge.     F.  Foerster  and  O.  Glknther.    (ZeitscI 
Elektrochem.  6.  pp.  301-308,  November  80,  1899.) — In  a  former  paper  (s 
1899,  Abstract  No.  151)  the  authors  expressed  their  opinion  that  the  prodi 
tion  of  zinc  sponge  is  due  to  disturbance  of  the  crystallisation  of  the  metal 
the  kathode  by  the  separation  of  zinc  hydroxide  or  of  basic  zinc  salts, 
was  therefore  expected  that  the  use  of  alkaline  solutions,  in   which  zi 
hydroxide  is  readily  sokible,  would  obviate  the  production  of  spongy  z\ 
and  the  first  experiments  in  this  direction  seemed  to  show  that  this  was 
case.   Further  experiments  have  shown,  however,  that  although  fine,  cober 
deposits  are  at  first  obtained  by  the  electrolysis  of  solutions  of  zinc  oxide 
caustic  soda,  yet  after  a  short  time,  usually  less  than  an  hour,  the  format 
of  a  spongy  deposit  is  observed,  especially  when  the  agitation  of  the  lie 

IS  M'nsufficicnt.    Variation  of  the  temperature  from  20°  to  60°,  or  of  the  cur 

density  from  0'02  to  0'09  amperes  per  square  centimetre,  has  little  influc 

on  the  results.   The  zinc  sponge  is  formed  more  rapidV'^'  aad  more  abunda 
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in  dilute  than  in  strong  solutions.  Similar  results  were  obtained  with  alkaline 
lead  solutions,  but  no  sponge  appears  to  be  formed  if  ammonia,  instead  of 
potash  or  soda,  is  used  in  the  electrolysis  of  solutions  of  zinc  and  cadmium. 

These  results  show  that  the  views  previously  expressed  require  modifica- 
tion, but  it  may  be  stated  generally  that  the  production  of  zinc  sponge  is 
a>sociated  with  the  Hberation  of  hydroxyl  ions  and  a  proportionately  small 
concentration  of  zinc  ions.  N.  L. 

263.  El£ctrol\tic  Baths,  Q.  Marino.  (Elektrochem.  Ztschr.  6.  pp.  97-99, 
.\ugust,  1899.) — The  use  of  glycerin  instead  of  water  as  a  solvent  in  electro- 
lytic processes  is  attended  with  great  advantages.  This  liquid  is  neutral, 
miscible  in  all  proportions  with  water  and  alcohol,  and  dissolves  most  sub- 
stance^  which  arc  soluble  in  water  ;  it  opposes  little  resistance  to  the  migra- 
tiCD  of  the  ions,  and  wasteful  sccondarj'  reactions  are  obviated  by  its  employ- 
ment. Various  illustrations  arc  given  of  the  general  availability  of  glycerin 
in  electrolysis.  N.  L. 

264.  Dissolution  of  Iron  A  nodes  in  Sodium  Acetate  and  Acetic  Acid.  G.  Arth, 
•  Ind.  feleclrochim.  3.  pp.  8»-84,  August,  1899  ;  Bull.  Soc.  Chim.  21-22.  p.  766.) 
— A  number  of  experiments  were  ipade  on  the  electrolysis  of  an  aqueous 
sohition  containing  5  per  cent,  of  sodium  acetate  and  5  per  cent,  of  acetic 
acid,  the  kathode  being  a  platinum  c^'linder  and  the  anode  a  pure  iron  plate 
50  mm.  long,  12-15  mm.  broad,  and  about  2  mm.  thick.  Using  a  current  of 
0'10-O'86  amperes  at  0'79-l*35  volts,  the  iron  dissolves  as /t'rroi/s  acetate  in  an 
amoont  corresponding  with  that  required  by  Faraday's  law,  whilst  at  higher 

and  under  conditions  which  are  vet  undetermined  the  theoretical 

-» 

ty  oi  ferric  acetate  is  formed.  In  some  experiments,  moreover,  the  iron 
LS  observed  to  assume  an  almost  "  passive  "  condition,  only  a  small  quantity 
d  ferric  acetate  being  formed.  In  connection  with  these  results  some 
observations  of  Wohlwill  (see  1898,  Abstract  No.  684)  on  univalent  and 
tenralent  gold  ions  are  referred  to.  (Similar  results  in  the  case  of  chromium 
have  been  obtained  by  \V.  Hittorf.  See  1898.  Abstract  No.  1,072,  and  1899, 
Abstract  No.  1744.)  N.  L. 


Eiectrolytic  Reduction  of  Si tro-dehva fives.  P.  Pierron.  (Ind. 
Electrochim.  3.  pp.  84-^,  August,  1899  ;  Bull.  Soc.  Chim.  21-22,  p.  780, 1899.) 
— ^Thc  nitro  compound  is  di^olved  in  a  mixture  of  alcohol  and  sulphuric  acid, 
iikd  electrolysed  between  a  platinum  anode  and  nickel  kathode,  using  a 
kathodk:  current  density  of  0'4-0"75  amperes  per  square  decimetre.  At  the 
ordinanr  temperature  the  nitro-derivatives  of  the  paraffin  hydrocarbons  yield 
sbsctuted  hydrox>'lamines,  but  at  70^  C.  further  reduction  occurs,  and  the 
responding  amines  are  principally  formed.  N.  L. 


Reducing  Action  of  Electrolytically  separated  Metals.  A.  Binz  and 
_enbach.  (Zeitschr.  Elektrochem.  6.  pp.  261-271.  November  2. 1899. 
before  the  71st  Meeting  Deutscher  Naturforscher  und  Aerzte  zu 
Uuachcn.) — The  reducing  action  of  metals  in  the  presence  of  water  is  coni- 
aooly  attributed  to  the  nascent  hydrogen  evolved  therefrom,  but  it  is  well 
UMWn  that  the  effect  produced  depends  on  the  source  of  the  hydrogen,  that 
tt^cn  the  metal  from  which  it  is  evolved  or  at  which  it  is  liberated  in  electro- 
Ipis.  Various  explanations  of  this  fact  have*  been  suf^csted,  and  the  present 
r,  much  of  which  is  of  chemical  interest  only,  commences  with  a  br\e( 
account  of  these.    Former   investigations  (see   1899,    Abstracts 
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I 
Nos.  153  and  164)  on  the  electrol>Hic  reduction  of  indigo  having  indicated  that 

the  zinc  used  as  the  anode  played\  an  important  part  in  the  reaction,  further 
3xperiments  on  the  electrolytic  rec^uction  of  indigo  and  other  organic  colour- 
ing matters  in  alkaline  solution  have  been  made  with  the  following  results. 
The  results  previously  obtained  witih  indigo  are  confirmed.  The  ease  with 
which  the  colouring  matters  are  redijced  by  sodium  and  potassium  amalgams 
increases  as  the  quantity  of  hydrogen  evolved  therefrom  decreases,  and  the 
reduction  is  not  effected  to  the  same  ^extent  by  the  equivalent  quantity  of 
hydrogen,  the  difference  being  greatest  ^hen  the  hydrogen  is  electrol)rtically 
evolved  at  a  low  current  densit}^  Zin^,  when  deposited  on  a  mercury 
kathode  from  its  solution  in  caustic  alkali,  reduces  more  quickly  than  an 
equivalent  amount  of  hydrogen  at  a  low  current  density.  Reduction  is  also 
effected  by  zinc  and  lead  "when  these  mel'als  are  deposited  on  a  mercury 
kathode  from  solutions  of  their  acetates.  These  results  lead  to  the  conclusion 
that  the  colouring  matters  investigated,  although  reduced  by  nascent 
hydrogen,  are  much  more  quickly  reduced  by  the  direct  action  of  sodium, 
potassium,  and  zinc.  N.  L. 

267.  Electrolysis  of  the  Bromides  of  the  Alkaline  Earth  Metals.  J.  Sarghel. 
(Zeitschr.  Elektrochem.  6.  pp.  149-168,  September  7 ;  and  178-188,  September 
14,  1899.) — In  this  paper  a  detailed  account  is  given  of  a  large  number  of 
experiments  on   the  electrolysis  of  aqueous  solutions  of  the  bromides  of 
calcium,  magnesium,  and  barium.    The  electrolysis  was  carried  out  between 
platinum  electrodes  in  a  closed  cell,  without  a  diaphragm,  placed  in  a  bath  of 
constant  temperature,  and  provided  with  arrangements  for  the  collection  of. 
the  gases  evolved ;  the  bromine  existing  as  bromate  and  hypobromite  was 
determined  by  analysis  after  each  experiment,  the  electrolysis  being  continued 
in  every  case  until  the  yield  became  sensibly  constant.    The  influence  of 
variations  in  concentration,  in  temperature,  and  in  the  current  density  and 
E.M.F.  was  also  studied.    As  regards  calcium  bromide  the  final  yield  of  avail- 
able bromine  increases  with  the  temperature  until  a  certain  limit  is  reached 
which  lies  at  about  90^  for  10  per  cent.,  and  at  a  somewhat  lower  temperature 
for  20  per  cent,  solutions.    Above  these  limits  the  yield  decreases,  on  account 
of  increased  reduction.    With  low  current  densities  the  yield  is  smaller  in 
concentrated  than  in  dilute  solutions  ;  high  current  densities  favour  reduction 
and  the  formation  of  hypobromite.    The  reduction  is  decreased  by  raising 
the  current  density  at  the  kathode,  but  increased  by  raising  it  at  the  anode 
Addition  of  free  alkali  (lime)  favours  reduction  and  formation  of  hypobromite 
and  consequently  lowers  the  yield.    The  condition  of  the  kathode  is  an  im 
portant  factor  in  the  electrolysis.    A  rough  surface  favours  the  production  o 
bromate  since  the  lime  deposited  adheres  to  the  kathode  ;  whilst  a  smooti 
surface  is  advantageous  to  the  formation  of  hypobromite,  because  the  lime  I 
not  deposited  on  the  kathode  but  remains  suspended  in  the  liquid,  and  there 
fore  produces  the  same  effect  as  the  addition  of  free  alkali.    The  yield  c 
bromate  is  greater  with  calcium  than  with  potassium,  bromide,  and  the  coun 
of  electrolysis    is    essentially  different,   as  was   to    be   expected  from  tk 
comparative  insolubility  of  lime. 

In  the  case  of  magnesium  bromide  a  larger  amount  of  hypobromite  and 

smaller  amount  of  bromate  is  formed  than  is  the  case  with  calcium  bromid 

3nd  the  final  yield  is  notably  less.    This  was  found  to  be  due  to  the  escape 

bromine,  since  the  solution  does  not  contain  enough  of  the  very  sparing 

soJuble  magnesium  hydroxide  to  combine  therewith.    A  rise  of  temperatu 

favours  the  production  of  bromate,  and  thus  increases  iVifi  y\e\d.    Cowtrary 
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what  is  observed  with  calcium  bromide,  high  current  densities,  up  to  a  certain 
point,  decrease  the  reduction  and  decomf>osition  of  water,  and  therefore 
increase  the  vield.  The  same  effect  is  produced  by  increased  current  density 
at  the  anode  or  kathode  alone.  Addition  of  alkali  increases  the  yield  by 
preventing  escape  of  bromine  ;  a  large  excess,  however,  decreases  the  yield. 
With  barium  bromide,  owing  to  the  greater  solubility  of  barium  hydroxide, 
a  k)ver  yield  is  obtained  than  with  calcium  and  magnesium  bromides.  As 
with  potassium  bromide,  the  yield  is  decreased  by  a  rise  of  temperature. 

N.  L. 


Electrolysis  of  the  Alkali-Metal  Chloride  Solutions.  H.  Wohlwill. 
tZeitschr.  Elektrochem.  6.  pp.  227-280,  October  6,  1899.)— This  contribution 
to  the  theory  of  the  electrolytic  chlorate  cell  must  be  read  in  conjunction  with 
previous  contributions  by  Wohlwill  (see  1899,  Abstract  No.  341),  and  by 
Focrster  (see  1899,  Abstract  No.  1946)  on  the  same  subject. 

The  correctness  of  the  **  ionic  equation  "  given  by  Wohlwill  in  the  former 
when  applied  to  the  formation  of  chlorate  in  neutral  or  slightly  acid  solu- 
tioQS,  has  been  disputed  by  Foerster.  Foerster  maintains  that  in  such 
sofaitions  the  chlorate  is  the  result  of  a  secondary  reaction  between  free 
bypochlorous  acid  and  CIO  ions.  Wohlwill  now  replies  to  this  by  quoting 
the  results  of  experiments  which,  in  his  opinion,  prove  that  OH  ions  may  be 
fanned  in  both  neutral  and  slightly  acid  solutions ;  and  by  showing  that  in 
sach  solutions  it  is  probable  that  both  primary  and  secondary  reactions  occur 
daring  the  formation  of  chlorate.  ].  B.  C.  K. 


L  Electrolysis  of  the  Alkali-Metal  Chloride  Solutions,  F.  Foerster. 
=  Zeitschr.  Elektrochem.  6.  pp.  253-256,  October  26,  1899.)— This  contribu- 
tion is  a  reply  to  that  of  Wohlwill  (see  preceding  Abstract).  In  this  latest 
contribution  to  the  discussion,  Foerster  maintains  the  correctness  of  his 
criticism  of  Wohlwill's  theory  of  the  chlorate  cell,  and  reasserts  his  opinion 
that  in  neutral  or  slightly  acid  solutions,  the  formation  of  chlorate  is  chiefly 
to  secondary  (chemical)  and  not  to  primary  (ionic)  reactions.     J.  B.  C.  K. 


270.  Electrolysis  of  Ammonium  Thiosulphate.  P.  Pierron.  (Chem.  News, 
tt.  pp.  7a-74,  August  18,  1899 ;  from  Bull.  Soc.  Chim.  3.  21.  No.  10.)— The 
aqueous  solution  of  ammonium  thiosulphate,  containing  17*5  per  cent,  of  the 
aohytlroas  salt,  ^'as  placed  in  a  porous  pot  in  which  a  cylindrical  platinum 
dectrode  wa^  suspended  ;  the  other  electrode,  of  lead,  surrounded  the  porous 
pot  and  was  placed  in  a  10  per  cent,  ammonium  carbonate  solution.  The 
tcaperature  u^-as  maintained  at  about  15°  throughout  the  experiments.  In  the 
6rst  experiments,  the  platinum  was  used  as  the  kathode  and  a  current  density 
of  10  to  40  amperes  per  square  decimetre  was  employed.  Under  these  con- 
(fitx&ns  reduction  occurs,  and  ammonium  sulphide  appears  to  be  the  sole 
pcodccL  If  the  inner  electrode  is  the  anode  the  reactions  are  much  more 
oxnplex ;  sulphur  is  deposited,  sulphurous  anhydride  is  given  off,  and  the 
Eiqojd  becomes  acid  from  the  formation  of  sulphuric,  trithionic,  i  and  tetra- 
Tiuocic  acids.  Small  quantities  of  pentathionic  acid  are  formed  in  the  early 
te^  but  are  subsequently  destroyed  by  oxidation  ;  hydrogen  sulphide  was 
«x  detected.  The  formation  of  free  sulphur  and  sulphuric  acid  increases 
«sh  the  anodic  current  density  (3-40  amperes  per  square  decimetre),  whilst 
fie  anoiint  of  tetrathionic  acid  decreases;  little  variation  is  noticed  in  the 
and  hitbJon/c  acids.  In  explanation  of  these  /acts  it  is  suggested 
SCh^S.NH^  ions  £rst  formed  split  up  into  sulphur,  sulphuric  acid,  and 
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ammonium  sulphate.  The  latter  then  itself  undergoes  electrolysis,  forming 
sulphuric  acid  and  oxygen,  which  converts  a  portion  of  the  thiosulphate  into 
tetrathionatc.  N.  L. 

271.  Electrolysis  of  Solid  and  Melted  Electrolytes.  C.  C.  Garrard. 
(Zcitschr.  Elektrochem.  6.  pp.  214-216,  September  28,  1899.)— The  object 
of  these  experiments  was  to  determine  the  E.M.F.  at  which  electrolysis 
begins  in  melted  electrolytes.  The  electrolytes  were  melted  in  a  glass  tube  in  a 
bath  of  molten  lead  and  the  current  was  passed  between  two  carbon  electrodes. 
A  series  of  gradually  increasing  E.M.Fs.  were  applied  to  the  electrodes  and 
the  corresponding  currents  measured.  The  resistances  were  simultaneously 
measured  bv  Kohlrausch's  method  and  from  these  the  corrections  to  be 
applied  to  the  product  of  current  and  E.M.F.  were  determined.  The 
results  were  then  plotted  and  the  sharp  bend  in  the  cur\'e  gave  the  desired 
point  at  which  the  electrolysis  started  or  increased. 

In  some  salts  two  distinct  points  of  dissociation  were  well  marked  corre- 
sponding to  two  different  degrees  of  dissociation  analogous  to  the  similar  dis- 
sociation of  water ;  into  the  ions  HO  and  O  and  then  Hj  and  O.  The  salts 
which  showed  two  distinct  dissociations  were,  Pblj,  CdClj,  CdBri,  Cdlj,  the 
E.M.Fs.  at  which  these  occurred  being  in  the  case  of  Pblj  0*896  and  0'705 
volt  at  496°  C,  and  in  CdCl,  0'715  and  1225  volt  at  568*^  C.  In  some  of  these 
cases  the  first  dissociation  satisfies  the  condition  of  reversibility  as  given  by 
Helmholtz,  but  not  the  second,  analogous  to  the  two  dissociations  in  water. 
The  haloid  salts  of  Ag,  K,  and  Na  have  only  one  point  of  dissociation  and  it 
satisfies  the  condition  of  reversibility.  J.  B.  H. 

272.  Commercial  Electrolytic  Generation  of  Oxygen  and  Hydrogen,  W.  S* 
Franklin.  (Amer.  Electn.  11.  pp.  526-527,  November,  1899.) — The  electro- 
lytic generator  for  oxygen  and  hydrogen  made  at  the  Lehigh  University  is  an 
improved  form  of  that  made  in  the  laboratory  of  the  Iowa  State  College  in 
1896-6.  It  is  made  of  cast  iron  frames  insulated  with  hard  rubber,  the  frames 
serving  as  electrodes.  The  electrolyte  is  a  solution  of  caustic  soda.  The  gases 
arc  kept  separate  by  means  of  sheet  iron  baffles  set  one  above  the  other  in  a 
slanting  position.  The  apparatus  is  fully  described  with  drawings.  The  tests 
carried  out  by  H.  J.  Horn  and  P.  Buchcr  with  this  apparatus  show  that  the 
water  may  be  separated  into  its  two  constituent  gases,  each  being  of  99*9  per 
cent,  purity,  due  care  being  given  to  the  current  density  and  adjustment  of 
the  baffle  plates.    The  electrical  efficiency  proved  to  be  41  per  cent. 

The  cost  in  the  improved  cell  is  not  given,  but  in  the  old  one  it  was  1  cent 
per  cubic  foot  of  oxygen,  the  current  costing  2  cents  per  kw.  hour. 

J.  L.  F.  V, 

273.  Electrolytic  Bleaching  of  Wood  Pulp.  A.Navarre.  (Ind.  Electrochim 
8.  pp.  49-51,  1899.) — At  the  works  of  Bcrges  and  Corbin,  the  Hermite  process 
with  its  many  platinum  and  zinc  electrodes  and  heavy  currents  at  aboa 
6  volts,  was  given  a  trial  in  1890.  In  order  to  avoid  dynamos  of  specia 
design  and  corrosion  of  electrodes,  Corbin  has  adopted  the  following  arrange 
ment  at  Lancey :  The  trough  contains  two  electrodes  at  the  ends,  am 
eleven  intermediate  insulated  electrodes,  all  fixed  in  frames  fitting  in  tightly 
the  plates  are  all  of  platinum  and  the  intermediate  plates  serve  as  douU 

c/ectrocfes.     The  connecting  cables  are  fixed  outside  the  trough,  and  h 

^^rying  the  number  of  intermediate  plates,  any  tension  may  be  applie 

The  thirteen  plates  at  Lancey  receive  currents  oi  150  ;xrftv^Y^%  ^\  VJO  voU 
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The  electrolyte  is  sea-salt  solution,  and  the  process  continuous.    Each  cell 
can  bleach  750  kg.  of  bisulphite  pulp  to  extra  whiteness.  H.  B. 

274.  Electric  Tanning,  J.  Bose.  (Ind.  Elect.  8.  pp.  1844-848,  August  10, 
1809.) — ^The  author  refers  to  the  use  of  the  electric  current  for  promoting  the 
absoqnion  of  chemicals  by  living  tissues,  and  argues  from  this  that  electricity 
most  prove  of  equal  service  in  accelerating  the  permeation  of  skins  and  hides 
by  tanning  materials.  Grosse  in  1849  first  employed  galvanic  action  for  this 
purpose  ;  and  he  was  followed  by  Ward  in  1859,  Rebu  in  1861,  de  Meritens 
in  1874,  and  by  Gaulard  and  Kresser  in  1885.  Leather  tanned  by  the  last- 
named  process  was  exhibited  in  London  in  1885.  In  1889  the  methods  of 
Worms  and  Balle  and  of  another  unnamed  inventor,  were  experimentally 
tncd  in  London  and  Paris.  The  author  obtained  specimens  of  leather  tanned 
by  the  latter  process,  and  found  that  it  wore  well  when  made  up  into  shoes. 

The  two  processes,  together  with  those  of  Groth  and  of  Burton,  are 
described  in  some  detail,  and  figures  are  given  relating  to  voltage,  current 
density,  and  to  the  saving  of  time  effected  by  their  use.  The  Groth  process 
is  said  to  have  been  in  operation  in  London,  in  Belgium,  and  near  Lausanne. 
The  Burton  process  has  been  tried  in  America.  J.  B.  C.  K. 

275.  Electric  Tanning,  (Indus,  and  Iron,  27.  p.  88,  August  4,  1899.)— Four 
to  twelve  months  is  the  time  usually  taken  to  tan  ordinary  sole  leather.  Groth 
claims  to  have  reduced  this  time  to  one-fifth,  and  the  cost  to  two-thirds,  by 
his  electrolytic  method  of  tanning.  The  daily  absorption  of  tannic  acid  by 
the  ordinary  process  is  stated  to  be  0*188  grm.,  as  compared  with  2*08  grms. 
in  Gfx>th's  process. 

Tests  of  the  finished  leather  (five  weeks'  tanning)  made  by  Unwin  gave 
remarkably  high  results.  And  equally  satisfactory  tests  were  obtained  by 
Parker  of  the  Lealherseller's  Company.     Details  of  these  are  given. 

The  Groth  process  is  said  to  be  at  work  in  Sweden  and  Norway,  the 
patents  in  these  two  countries  having  been  bought  by  the  Wencrsborg 
Leather  Industry  Co.  J.  B.  C.  K. 

278.  Cost  of  Calcium  Carbide.  F.  Liebetanz.  (Zcitschr.  Elektrochcm.  6. 
pp.  117-122,  August  10,  1899.) — This  is  a  report  of  an  address  delivered  at  the 
second  Buda-Pesth  Acetylene  Congress  in  May,  1899.  The  author  seeks  to 
aiLswcr  the  question  as  to  the  relative  economy  of  gas-,  water-,  and  steam- 
power,  when  used  for  carbide  production  on  a  small  scale  ;  it  being  assumed 
tHjit  the  difficulties  and  costs  of  distributing  carbide  will  limit  the  area  of 
efiectivc  competition  from  the  factories  established  at  the  great  centres 
of  water-power. 

The  estimates  are  based  upon  the  power  and  raw  materials  required  for 
LOOO  kgs.  carbide,  and  the  yield  of  carbide  per  kw.  day  of  twenty-four  hours 
ia  taken  as  5  kgs. 

The  gross  H.P.  necessary  to  yield  1,000  kgs.  carbide  per  day  is  therefore 
SIO.  or  allowing  for  all  losses  in  the  generating  machinery,  450. 

Taking  these  figures  as  the  basis  of  his  calculations,  the  author  arrives  at 
the  following  results  for  a  450  H.P.  plant  : — 

Water-fall.  Stenm.  Rhcr-How. 

Capital  outlay je6,750  .£2,800              Je8,750 

Annual  running  charges ....         £675  £1,464              £1,000 

DaUy  runnia^  charges £2    5s.  Od.  £4  18s.  Od.  £S    7s.  Od. 

Cbst  a^  ^  E.H.P,  year  at? 

tbe  ^€Xtrodes  of  furnace  f  "^"^  ^^'  ^-  -^^    Ss.  Od.  £8  14s.  Od. 
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Adding  to  these  costs  of  power,  the  cost  of  raw  materials  and  labour,  the 
total  costs  for  the  production  of  1,000  kgs.  carbide  by  the  three  sources  of 
energy  named  above,  work  out  to— 

Water-falls £8  18s. 

Steam ^11  Us. 

River-flow £9  15s. 

The  author  gives  no  detailed  estimates  for  the  cost  of  carbide  with  gas- 
power,  but  he  is  of  opinion  that  the  use  of  blast-furnace  gases  for  this 
purpose  will  undergo  great  development  in  the  near  future.         J.  B.  C.  K. 

277.  Memmo  Carbide  Furnaces  at  San  Marcel,  C.  Pio.  (Elect.  World 
and  Engineer,  84.  pp.  195-198,  August  6,  1899.) — ^This  works  operates  with 
three-phase  currents.  Some  of  the  facts  mentioned  in  the  paper  have 
already  received  notice  (see  1899,  Abstract  No.  1412).  The  present  article 
gives  useful  detailed  drawings  of  the  furnace,  and  its  electrical  conductor 
connections,  with  some  notes  upon  the  method  of  working  at  San  Marcel. 

J.  B.  C  IV* 

278.  Calcium  Carbide  Industry  at  Alerano.  (Elettricita,  Milan,  18.  pp. 
406-408,  1899;  also  Eclairage  6lectrique,  May  6,  1899.)— The  hydraulic 
works  of  the  Gesellschaft  Etschwerke,  in  the  Austrian  Tyrol,  near  Merano, 
are  briefly  described.  They  contain  five  turbines  of  1,200  H.P.  each  direct 
coupled  to  three-phase  alternators  generating  current  at  10,000  volts.  Of 
this  2,000  H.P.  is  sold  to  the  Acetylene  Gas  Co.  at  47s.  6d.  per  H.P.  year. 
For  the  carbide  furnaces  the  current  is  transformed  down  by  six  three-phase 
transformers  of  260  kw.,  each  giving  2,500  amperes  per  phase  at  88  volts. 
One  phase  of  each  of  three  of  the  transformers  are  connected  in  parallel  for 
each  furnace.  The  lime  is  obtained  locally  in  the  form  of  a  very  pure  * 
marble.  The  furnaces,  on  the  system  of  Gin  and  LeleuX;  are  described. 
They  yield  11*4  lbs.  of  carbide  per  kilowatt  hour,  giving  4*8  cubic  feet  of 
acetylene  per  lb.  The  cost  of  the  carbide  is  estimated  at  £7  9s.  per 
ton.  L.  B. 

279.  Polyphase  Electric  Furnaces.  R.  Memmo.  (Elettricita,  Milan,  18. 
pp.  488-441,  1899.) — In  electric  furnaces  acting  merely  by  heat  and  not 
by  electrolytic  action,  alternating  offer  great  advantages  over  continuous 
currents.  A  furnace  consisting  of  several  arcs  in  parallel  cannot  be  run 
satisfactorily  owing  to  the  impossibility  of  regulation.  And  the  size  of  single 
carbon  electrodes,  and  hence  the  power  of  a  continuous  current  or  monophase 
furnace  is  limited.  In  this  direction  polyphase  currents  offer  great  advantagc»  . 
the  power  of  the  furnace  being  increased  by  simply  increasing  the  number  ol 
phases  up  to  20  or  30.  They  may  be  arranged  in  mesh  or  in  star — the  latter 
being  preferable,  as  the  arcs  have  less  reaction  on  each  other-  the  molten 
mass  being  employed  as  the  neutral  point.  This  system  has  also  the  advan*, 
tage  that  one  or  more  of  the  phases  may  be  employed  for  lighting  or  other 
purpose  without  interfering  with  the  work  of  the  furnace.  L.  B, 

280.  Experimental  Electric  Furnace.    S.  A.  Tucker.     (Amer.  Electn.  IL 
pp.  408-409,   September,  1899.)— A  brief  account  of   Moissan's  and  other 

electric  furnaces  for  use  on  a  small  scale,  with  a  table  giving  the  names^ 

formulas,  discoverers,  and  certain  properties  of  various  carbides  formed  in 

such  furnaces,  ^N .  G.  Ifc 
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281.  Magnetic  Ore  Separators.  E.  Langguth.  (Zcitschr.  Elektrochem. 
6.  pp.  821-324,  December  7, 1899.) — This  paper  contains  a  historical  review  of 
the  developnient  of  the  method  of  separating  ores  according  to  their  relative 
magnetic  permeabilities.  }.  B.  H. 


I.  Manufacture  of  Liquid  Air,  (Eng.  News,  41.  pp.  868-371,  June  8, 
1889.) — This  paper  is  a  description,  with  general  view  and  diagrammatic 
sections  of  the  various  parts  of  the  liquid  air  manufacturing  plant  of  the 
General  Liquid  Air  and  Refrigerating  Co.,  New  York  City. 

It  is  estimated  to  produce  1,500  gallons  of  liquid  air  per  day.  It  consists 
of  a  steam-power  refrigerating  plant,  utilising  the  expansion  of  the  compressed 
air  to  produce  a  low*  temperature,  and  causing  this  cold  air  to  react  upon 
itself,  until  the  temperature  is  so  low  that  liquefaction  occurs. 

Stcram  is  raised  at  150  lbs.  pressure  by  three  vertical  fire-tube  boilers,  each 
of  75  nominal  H.F.  The  steam  drives  four-stage  air-compressors  connected  by 
iotercoolers.  Sectional  views  are  given  of  the  cleanser  to  take  the  dust  out 
Gi  the  air  previous  to  compression,  and  of  the  separator  for  removing  oil, 
moi^ure,  and  other  impurities  from  the  air  after  compression,  also  of  the 
]iqiic£er  and  after-cooler  with  details  of  their  valves  and  coils.  The  inter- 
cooler  and  after-coolers  extract  the  heat  generated  by  compression,  by 
passing  the  air  over  water-cooled  tubes.  The  air,  at  a  pressure  of  1,200  lbs. 
per  square  inch,  and  at  50°  or  60°  F.  the  temperature  of  the  brine  tank,  passes 
to  the  liqnefier  coils  and  through  the  contracted  orifice  of  the  expansion  valve 
adjusted  to  throttle  the  flow,  and  is  reduced  in  pressure  from  1,200  lbs.  to 
300  lbs.  per  square  inch.  The  drop  in  temperature  so  produced  is  repeated 
by  the  cumulative  cooling  process  until  the  critical  temperature  of  air  is 
reached.  Then  a  portion  of  the  air  passing  through  the  expansion  valve 
Iique£c:>  and  collects  in  a  small  reservoir  over  the  after-cooler,  and  the  other 
pan  passes  into  the  cooling  tubes  and  is  used  over  and  over  again.  Fresh 
air  is  drawn  in  through  the  cleanser  to  take  the  place  of  that  liquefied.  A 
sectional  view  and  description  is  also  given  of  a  reservoir  for  storing  and 
carr\'ing  the  liquid  air  so  that  it  can  be  retained  in  a  liquid  form.  W.  R. 
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288.  Steam  Engines  for  Electric  Traction.  C.  A.  Hague.  (Eng.  Mag. 
18.  pp.  426-430,  December,  1899.) — Probably  the  steam  engine  has  never  been 
called  upon  to  do  work  of  so  variable  a  character  as  that  of  developing  power 
for  a  street  railway,  and  in  selecting  a  type  of  engine  for  street  railway  work 
the  extreme  variation  of  load  is  a  factor  of  great  importance.  With  a  plain 
slide-valve  engine  controlled  by  a  throttling  governor  the  widest  range  of 
work  affects  the  steam  economy  but  slightly ;  with  the  compounds,  triples 
and  quadruples  the  expected  economy,  due  to  limited  range  of  cylinder 
temperatures,  cannot  be  closely  realised  except  by  keeping  nearly  to  ideal 
conditions  for  the  particular  type  in  hand.  In  a  railway  power  plant,  owing 
to  the  variations  of  load,  the  choice  of  the  steam  engine  lies  somewhere  between 
a  naturally  wasteful  engine  whose  economy  cannot  be  easily  injured  and  a 
very  economical  type  whose  best  economy  cannot  be  maintained.  This 
choice  seems  to  point  to  the  cross- compound  condensing  engine  for  units  of 
1,000  H.P.  and  upwards.  The  average  steam  consumption  in  a  traction  power 
house  of  simple  non-condensing,  cross-compound  condensing,  and  triple 
condensing  engines  may  be  represented  by  the  figures  180,  126,  and  150 
respectively,  the  steam  consumption  for  each  type  of  engine  under  a  steady 
load  being  taken  at  100.  The  question  of  storage  batteries  and  triple  expan- 
sion engines  is  sometimes  raised,  but  the  interest  and  maintenance  accounts 
prevent  their  adoption  for  large  plants  for  railway  power.  Cheap  money  and 
dear  fuel  may  possibly  lead  to  a  readjustment  of  conditions. 

The  question  of  speed  and  voltage  regulation  is  discussed,  and  it  is  pointed 
out  that,  while  the  electrical  engineer  requires  a  constant  voltage  with  varjing 
power,  the  cotton  spinner  requires  uniform  speed  with  varying  power. 

The  author  discusses  the  regulation  of  the  steam  engine  by  throttling  the 
steam  for  very  short  cut-off,  and  in  combination  therewith  varying  the  point 
of  cut-off  further  out  in  the  stroke  with  full  initial  pressure.  The  general 
statement  of  the  problem  of  the  steam  engine  for  electric  traction  is  sufficient 
to  indicate  its  peculiar  difficulties.  A.  S. 

289.  Experiments  upon  Engine  Governors.  W.  G.  Hibbins.  (Instit.  Civ. 
Engin.,  Proc.  187.  pp.  876-401,  August,  1899.)— The  characteristic  speed  curve 
from  a  governor,  in  which  the  revolutions  of  the  governor  are  plotted  as 
abscissae  and  the  lift  of  the  governor  sleeve  as  ordinates,  consists  of  two 
curves  due  to  the  sleeve  rising  and  falling  respectively.  The  difference: 
between  the  two  curves  is  due  to  the  frictional  resistances  of  all  the  pieces 
connected  to  the  sleeve.  The  author  made  experiments  at  Mason  College, 
Birmingham,  under  the  superintendence  of  R.  H.  Smith,  on  Tangye  (Soho)^ 
Acme,  Lude,  Proell,  Watt,  Porter,  Pickering,  Turner- Hartncll,  and  Belliss 
governors,  and  obtained  speed  curves ;  in  the  case  of  the  spring  loaded 
governors,  different  loads  were  placed  on  the  spring.  In  a  series  of  speed 
curves  for  one  governor  the  mid-position  of  the  sleeve  is  indicated  by  a 
horizontal  line  drawn  across  the  curves.  At  the  points  where  this  base-line 
is  intersected  by  any  pair  of  curves  the  corresponding  load  or  spring-pull  h 

plotted  off  as  a  pair  of  vertical  ordinates.     By  joining  the  series  of  points  sc 

obtained,  two  almost  parallel  straight  lines  are  obtained  for  all  the  governor 

experimented  on,  the  upper  one  corresponding  to  VVie  "  dovitv"  cwrve,  and  thr 
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lower  one  to  the  "  up  "  curve.  From  the  diagrams  the  "  sensitiveness,"  "  con- 
troUing  force,"  and  "controlling  energy"  are  easily  obtained.  The  chief 
results  obtained  from  the  nine  governors  tested  are  exhibited  in  a  table.  As 
re^rds  the  controlling  force,  the  small  Tangye  governor  has  a  high  value  ;  it 
is  however,  lacking  in  sensitiveness.  The  Turner- Hartnell  governor  has  a 
brge  controlling  force,  and  a  large  amount  of  frictional  resistance  in  its 
w-orking  parts.  The  highest  values  of  the  controlling  force  are  exhibited  by 
the  governors  which  have  either  heavy  balls,  weights,  or  heavy  central  loads. 
The  Proell  governor  appears  to  be  far  superior  in  sensitiveness  to  the  rest. 
The  Porter  governor  compares  favourably  with  some  of  the  more  modern 
types,  possessing  both  sensitiveness  and  great  controlling  force. 

In  a  summari'  of  the  results  arrived  at,  the  author  makes  the  following 
statements :  The  controlling  force  of  a  governor  is  increased  by  increasing 
the  weight  of  the  balls  or  the  central  load.  The  controlling  force  and 
t^nsitiveness  are  increased  by  providing  the  governor  with  powerful  springs. 
Shaft  governors  can  be  made  more  powerful,  bulk  for  bulk,  than  vertical 
governors.  The  advantages  of  the  more  modern  types,  such  as  well-designed 
Watt  and  Porter  governors,  are  not  so  great  as  perhaps  might  be  expected. 

A.  S. 

290.  Fuel  Economy  of  Steam  Engines  for  Traction,  R.  C.  Carpenter, 
t  Street  Rly.  Journ.  15.  pp.  801-804,  November,  1899.  Paper  read  before  the 
Xew  York  State  Street  Railway  Association.) — The  results  are  given  of 
thirty-five  tests  of  electric  railroad  power  stations  made  under  the  ordinary 
conditions  of  operation  in  which  the  economy  is  affected  to  a  great  extent  by 
variation  in  load,  and  by  poor  or  good  firing ;  the  latter  often  makes  20  per 
cent,  or  more  difference  in  fuel  economy.  Tlie  steam  consumption  at  normal 
<eady  load  of  120  I.H.P.  by  a  simple  non-condensing  automatic  slide-valve 
engine  was  slightly  over  27  lbs.  of  steam  per  I.H.P.,  nearly  30  lbs.  at  150  H.P., 
44  lbs.  at  60  H.P.,  and  64*8  lbs.  at  40  H.P.  The  average  results  show  a  con- 
>an]ption  only  about  26  per  cent,  higher  than  obtained  with  this  class  of 
engine  under  most  favourable  conditions,  or  about  84*8  lbs.  of  steam  and 
41i3  lbs.  of  coal  per  I.H.P.  hour.  With  non-condensing  simple  Corliss  engines 
under  favourable  conditions  28  lbs.  to  25  lbs.  of  steam  might  be  used  per 
I.H.P..  while  the  average  of  the  tests  under  working  conditions,  being  slightly 
over  one -half  of  the  rated  capacity,  was  28*8  lbs.  per  I.H.P.  hour. 

Redncing  test  results  to  uniform  evaporation,  the  compound  non-con- 
densing engine  was  9*4  per  cent,  more  economical  in  use  of  coal,  and  about 
-Vo  per  cent  more  economical  in  use  of  steam  than  the  simple  non-condensing 
tugine.  The  compound  non-condensing  engine  under  best  load  conditions 
vould  u^e  22  lbs.  to  23  lbs.  of  steam,  or  nearly  83  per  cent,  less  than  under 
power-house  conditions,  but  the  data  for  this  deduction  are  limited. 

The  compound  condensing  slide  valve  or  high-speed  automatic  engine 
ase5  15  lbs.  of  steam  under  favourable  load  conditions,  but  under  working 
oadiiions  the  consumption  would  be  80  per  cent,  or  40  per  cent.  more. 
Compoand  condensing  Corliss,  Greene,  Mcintosh  and  Seymour  and  engines 
having  similar  valve  motions  consume  15  lbs.  or  less  with  favourable  load, 
vhicfa  Ls  increased  by  about  20  per  cent,  under  working  conditions.  The 
zvera^e  boiler  evaporation  from  and  at  212°  was  10'26  lbs.  for  stations  using 
idnple  non-condensing  engines,  9*82  lbs.  for  stations  using  compound 
ccndensing  slide  valve  engine,  and  10*54  for  stations  using  compound 
Corliss  engines  per  lb.  of  fuel  The  estimates  of  the  cost  oi 
j^i^  exclasive  of  real  estate,  buddings,  and  ctiimneys,  and  the  estimates 
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of  working  expenses  do  not  include  wages  and  oil.  The  author  conclodes 
from  the  tests  that  compound  condensing  slow  speed  engines  with  improved 
valve  gear  are  much  the  better  investment. 


Summary  of  Tests. 
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Cost  Per  H.P.  of  500  H.P.  Plant. 


Boiler 
H.P. 
per 

Engine 
HP. 

Cost  per  H.P.  ix  Dollars. 

Crrnt  for 

Engine. 

Boiler. 

Pumps 

and 
Heaters. 

Piging. 

Total 

i.Kp. 

600  HP. 
Plant 

Non-condcnsittfl  Engines. 

Simple  slide  valve    

Sixnole  Corliss  

1135 
0-933 

8-00 
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13-60 
11-20 
1200 

9-00 
7-25 
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200 
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400 
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500 
5-00 
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15,000-00 
16,625-00 

Compound  slide  valve ... 
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Fuel  and  Interest  Charges  for  the  Different  Classes  of  Engines. 
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J.  T.  R 

291.  Water-tuhe  Boilers  for  Marine  Engines.    J.  T.  Milton.    (Instit.  Ci¥, 
Engin.,  Proc.  187.  pp.  167-201.    Discussion,  pp.  242-805,  August,  1899.)— Them 
is  considerable  difference  between  the  conditions  of  work  to  which  boilers  an 
subjected  in  warships  and  those  experienced   in   merchant  vessels.    Thil 
accounts  for  the  more  ready  introduction  of  water-tube  boilers  into  tin 
former  class  of  vessels.    Greater  economy  and  durability  are  demanded  ii 
a  water-tube  boiler  for  the  merchant  navy.    After  inherent  strength  of  fomi 
the  essential  elements  to  be  provided  for  are  complete  combustion,  even  a 
high  rates  and  with  minimum  air-supply,  and  ready  transmission  of  hea( 
The  mean  velocity  of  the  hot  gases  over  the  heating  surface  having  bee 
shown  to  be  about  26  feet  per  second,  it  follows  that  no  portion  of  thet 
gases  remains  in  a  boiler  for  more  than  one  second.    The  arrangement  aa 
size  of  fiues  may,  however,  modify  this  result.    The  circulation  of  the  wat! 
in  boilers,  as  demonstrated  on  the  basis  of  experiments  by  Yarrow,  Thorn 
croft,  and  Blechynden,  does  not  lead  to  any  definite  conclusion  as  to  ti 
advantage  of,  or  necessity  for,  a  high  speed  of  circulation.    The  followil 
water-tube  boilers  are  compared  with. the  "Scotch"  boiler  and  described' 
the  paper,  viz.  : — the  Belleville  with  economiser,  Lagf^iel-D'Allest,  Niclatia 
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Babcock-Wilcox  marine  tyipe,  Yarrow,  Fleming-Ferguson,  Reed,  Normand, 
Tbomycroft,  Blechynden,  Mumford  and  Hay  thorn — examples  of  all  of  them 
being  qnoted.  The  paper  concludes  with  remarks  on  the  importance  of 
treatment,  and  on  the  effects  of  thickness  of  material,  and  of  curvature  of 
tubes  on  durability.  In  the  discussion  J.  List  stated  that  in  mail-steamer  work 
the  Hmit  of  steam  pressure  with  tank  boilers  had  practically  been  reached. 
They  were  using  double-ended  eight-furnace  boilers,  17  feet  mean  diameter 
and  19  feet  2  inches  long,  for  a  working  pressure  of  210  lbs.  per  square  inch. 
The  boiler  shell-plates  were  IJ}  inch  thick,  and  the  furnaces  were  44  inches 
internal  diameter  and  \i  inch  thick — ^the  steel  of  the  shells  having  an  ultimate 
tensile  strength  of  between  81  and  84  tons  per  square  inch.  Weight  of  such 
2  boiler  with  mountings  was  115  tons,  and  the  water  was  49^  tons  additional. 
Comparing  Belleville  boilers  for  similar  work  at  800  lbs.  per  square  inch 
pressure,  it  was  found  that  they  had  4^  per  cent,  less  total  heating  surface 
than  the  tank  boilers ;  weighed  40  per  cent,  less ;  saved  in  length  of  space 
18  per  cent. ;  but  cost  50  per  cent,  more  in  first  cost.  F.  J.  K. 


Siclaus&c  Water-tube  Boiler.  M.  Robinson.  (Elect.  Engin.  24, 
pp.  456-402.  Discussion,  p.  462,  October  18,  1899.)— Compared  with  the 
Babcock-Wilcox  land  type  and  the  Yarrow,  Thornycroft,  and  Belleville 
marine  boilers,  the  Niclausse  boiler  possesses  features  which  make  it  a 
distinct  type.  Composed  of  tubes  of  8  to  4  inches  diameter,  slightly  inclined 
from  the  horizontal,  it  has  headers  only  at  one  end  of  them,  the  other  end 
being  left  free,  so  that  there  is  no  rigidity  to  resist  expansion  lengthwise. 
Hie  free  end  of  the  tube  is  closed  with  a  screwed  cap,  and  the  front  end  is 
by  two  coned  joints  to  both  outer  and  inner  walls  or  faces  of  the 
',  but  communicates  only  with  the  inner  of  two  chambers  or  passages 
xto  which  the  header  is  divided  by  a  partition.  The  outer  passage  is  in 
communication  with  a  number  of  smaller  tubes,  one  of  which  is  inserted  con- 
centrically into  each  of  the  larger  generating  tubes,  for  circulation  of  water. 
At  the  top  of  the  header  is  the  steam  drum,  and  as  the  water  level  in  it  is 
some  distance  above  the  header,  circulation  commences  as  soon  as  heat  is 
applied  to  the  tubes.  This  does  not  take  place  in  such  boilers  as  Thorny- 
crcff  >  where  the  tubes  deliver  steam  above  the  water-line.  The  water  flows 
down  the  outer  or  downcast  half  of  the  Niclausse  header,  through  the  small 
inner  tubes,  which  project  nearly  the  full  length  of  the  generating  tiibes,  and 
back  by  the  outer  tubes,  the  steam  and  foam  escaping  by  the  upcast  half  of 
die  header.  The  tubes  are  connected  "  in  parallel,"  as  in  the  Babcock-Wilcox 
boiler,  and  not  "  in  series,"  as  in  the  Belleville,  so  that  the  circulation  is  freer 
than  in  the  latter.  The  constructive  details  have  been  arranged  with  a  view 
to  ease  of  examination  and  repair.  Originally  constructed  in  France,  this 
bcikr  has  done  well  in  vessels  of  the  navy  there  and  on  shore.  Since  its 
introduction  into  the  Ro3ral  Navy  and  some  electric  light  installations  in 
England  improvements  have  been  made  in  details.  In  the  trials  of  the  boilers 
of  the  TemerairCy  on  land,  an  evaporation  of  11*25,  1012,  1072,  and  10*8  lbs.  of 
vater  from  and  at  212^  Fahr.  per  lb.  of  coal  was  obtained  with  draught  of 
11, 1*5,  2*7,  and  4*8  inches  of  water  respectively,  the  lbs.  of  steam  evaporated 
per  square  foot  of  heating  surface  having  been  46,  106, 18*2,  15*9  for  the 
ffiffcrcnt  rates  of  combustion. 

Ea^ieriments  made  in  Paris  on  the  comparative  value  for  evaporation  oi 
Ike  successive  stages  of  tubes  in  a  model  boiler  showed  that  nearly  \  of  the 

doD  was  due  to  the  £rst  row,  and  nearly  ^  io  the  first  three  rows 
7-5  square  feet  <^  hating  surface  for  each  square  foot  of  grate, 
WL,  MIC  I 
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The  first  six  rows,  with  a  surface  ratio  of  15  to  1,  evaporated  nearly  J  of  the 
whole,  and  the  last,  or  twelfth,  row  evaporated  only  about  8}  per  cent.  The 
value  of  additional  surface  can  thus  be  estimated.  F.  J.  R. 

293.  Recent  Trials  of  the  Machinery  of  Warships.  A.  J.  Durston  and 
H.  J.  Oram.  (Instit.  Civ.  Engin.,  Proc.  187.  pp.  202-241.  Discussion,  pp. 
242-805,  August,  1899.)— In  November,  1894,  the  Engineer-in-Chief  of  the 
Royal  Navy  gave  in  a  paper  (Min.  Proc.  Inst.  C.E.  119.  pp.  17-46)  details 
of  the  machinery  of  the  seventy  vessels  built  under  the  Naval  Defence  Act 
of  1889,  and  the  present  paper  gives  similar  details  of  the  vessels  added  to 
the  Navy  since  that  date.  In  the  case  of  the  ten  battleships  now  fitted  with 
water-tank  boilers  the  proportion  of  heating  surface  per  I.H.P.  is  increased 
over  former  practice  on  the  recommendation  of  the  Admiralty  Committee  on 
designs  of  machinery.    The  results  as  to  weight  are  as  follows  ; — 


Right  Vessels  Built  Under  Naval  Defence  Act. 


Mean  I.H.P. 

Average  Steam 

Pressure. 

Boilers. 

Heating  Surface 
per  I.H.P.  (mean). 

Weight  in  lbs.  per  I.H.P.  (mean). 

developed. 

Engines.                 Boilers. 

11,500 
9,480 

lbs.  per  sq.  in. 
149 
150 

sq.  feet. 
1-7 
21 

113 
146 

116 
141 

Average  of  Ten  Battleships  Built  Since  Naval  Defence  Act. 


12,414           1 

149 

20 

111 

181 

10,404           ! 

148 

2-4 

182 

156 

6,170 

140 

41 

261 

486 

Maximum  power  is  obtained  in  all  these  vessels  by  forced  draught  on  t 
closed  stoke-hold  system,  except  in  two,  fitted  with  induced  draught  apparati 
The  I.H.P.  developed  per  ton  of  machinery  is  less  in  the  latter  than  in  1 
former  vessels,  but  the  machinery  is  rather  more  substantial.  The  1st  cl 
cruisers  having  triple-expansion  engines  with  four  cylinders  and  four  cran 
but  fitted  with  Belleville  boilers,  without  economisers,  show  : — 


I.H.P.  developed. 


Steam  Prtssure. 
lk>ilers. 


Heating  Surface 
per  I.H.P. 


Weights  per  I.H.P. 
Engine<v.        j         Boilers. 


5,058 
18,479 
22,547 
25,774 


216-5 
227-5 
2810 
2480 


8-66 
800 
2-68 


180 

107 

94 


140 
115 
100 


There  is  a  gain  in  I.H.P.  per  ton  of  machinery.     In  other  example 
warships  of  the  1st  class  the  steam  pressure  employed  is  800  lbs.  per  sq 
inch  in  the  boilers  with  cconomisers,  engines  with  four  cylinders  (tr 
expansion)  are  used,  and  the  I.H.P.  per  ton  of  machinery  amounts  to  ', 
in  some  instances.    Similar  results  are  given  in  tables  for  2nd  and  8rd 
c^ruisers,  and  for  torpedo-boat  destroyers ;  and  a  further  table  (vi.)  give? 
^a/Ts  of  weights  and  space  occupied  for  the  machiucry  oi  iovi  ^ups  of  vc 
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suitable  where  there  is  insufficient  water  for  jet  or  surface  condensa 
condensing  water  being  about  one-fortieth  that  required  for  surf 
densing.  Tubular  principle,  steam  and  water  distribution,  and  varioi 
of  condensers  are  described,  and  the  steam-condensing  value  of  air  cii 
by  a  fan  is  given.  One  square  foot  of  tube  surface  will  condense  a  n 
of  8  lbs.  of  steam  and  evaporate  about  6  lbs.  of  water  per  hour.  In  h< 
wrought-iron  tube  condensers  each  square  foot  should  condense  fr 
4  lbs.  of  steam  per  hour. 

In  the  discussion  B.  Donkin  thought  sufficient  attention  had  i 
paid  to  the  question  of  dirt  on  the  tubes  and  in  the  circulating  wa' 
Longridge  considered  there  was  a  great  diversity  of  opinion  a! 
amount  of  surface  required.  He  should  say  that  86  or  40  square  f 
required  per  lb.  of  steam  condensed  per  minute.  L.  Andrev^s  sai 
Wright  condenser  had  been  in  use  at  Hastings  electric  light  sts 
about  twelve  months  without  satisfactory  results,  and  described 
ments  to  improve  the  results.  H.  B.  Spencer  described  the  Kle 
cooler,  and  C.  J.  Barley  an  oil  separator  and  Ledward  condenser 
results.  W.  H.  Patchell  thought  the  general  conclusion  was 
cooling  water  required  was  equal  in  weight  to  the  steam  condense 
Brovrn  described  a  condenser  for  550  I.H.P.  to  condense  about  ] 
steam  per  hour  per  square  foot  of  surface,  occupying  2  square  feel 
space,  and  weighing  16  cwt.  for  each  20  lbs.  of  steam  condensed  p 
H.  Boot  wrote  of  rapid  deterioration  due  to  dirt  on  the  tubes.  1 
Oldham  communicated  further  information  and  the  following  tal 

Weight  of  Steam  Condensed  per  Hour  per  Square  Foot 

Condensing  Surface. 


Condensers  with  Horizontal  Tubes  without  Fans, 


Cast  iron  plain  tubes 

Cast  iron  plain  tubes  exposed  to  good,  steady 

wind 

Cast  iron  corrugated  tubes,  Ledward  pattern 
Wrought    iron     galvanised    tubes,    Fraser 

design  

Wrought  iron  galvanised  or  copper  tubes  in 

good  position  on  roof   

Condensers  with  Vertical  Tubes. 

Cast  iron  plain  tubes 

Brass  tubes  without  fan,  and  exposed  

„         „      with  fan  at  slow  speed  

„  „  with  fan  at  higher  speed  and 
good  water  circulation 


Quantity  of  Got 
per  Hoi 


10  to  I 
weight  i 
condena 

5  to  If 
weight  i 
condena 


10  to  1 
weight  i 
condeni 


On  wfit  and  windy  days  the  weight  of  steam  is  increased  15  to  20  per 
There  are  numerous  illustrations  and  diagrams  with  this  paper. 

296.  Lepap^s  Carburetter,    (Automotor  Journal,  4.  p.  64,  Novemlri 
— This  article  describes  one  of  the  new  forms  of  spray-makii 
carburetter  now  jHiP%developed  in  preference  to  the  surface  — 
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commonly  nsed,  more  especially  for  motor  cycles.  An  essential  feature  is  the 
arm^emeiit  by  which  a  cap,  forming  the  exterior  of  a  small  air  vessel, 
actuates  a  pair  of  small  valves  in  an  oil-measuring  chamber  at  each  suction- 
stroke  of  the  motor  piston.  During  the  period  of  no-suction-strokc,  oil  flows 
Into  the  measuring  chamber  past  one  valve,  which  is  closed  by  the  descent, 
with  the  cap  mentioned,  of  the  second  small  valve.  The  suction  by  the 
motor  piston  withdraws  the  measured  oil,  which  is  disintegrated  in  its  passage 
from  the  chamber  and  its  vaporisation  completed  in  its  further  mixture  with 
»« which  is  admitted  by  an  adjustable  inlet,  previous  to  its  mixture  with  the 
body  of  air  on  its  way  to  the  motor  cylinder.  W.  W.  13. 


297.  Blast-Fumacc  Gases  for  Motive  Power.  H.  Allen.  (Feilden, 
I  pp.  48-60,  August,  1899.) — ^The  author  is  associated  with  B.  H.  Thwaitc, 
Uie  inventor  of  the  Thwaite-Gardner  system  for  the  conversion  of  heat  into 
motion,  t>y  the  utilisation  of  the  waste  gases  from  blast  furnaces  in  tlie 
nlijider  of  the  internal  combustion  engine. 

Whilst  600  to  700  cubic  feet  of  blast-furnace  gases  burned  under  steam 

boilers  can  develop  in  the  steam  engine  cylinder  1  I.H.P.  hour,  the  same 

of  this  gas  in  a  suitable  gas  engine  gives  5  to  7  I.H.P.  hours.     In 

ly  one  I.H.P.  hour  is  developed  for  every  1*8  to  2  lbs.  of  fuel  charged  into 

tfce  furnace  for  smelting  the  iron.     In  present  practice  the  air  blast  is  heated 

tolJDCf  or  1,400^  Fahr.  and  supplied  to  the  blast  furnace  at  5  to  10  lbs.  per 

i^Brc  inch  above  atmospheric  pressure.    When  coke  is  used  170,000  to 

180^000  cubic  feet  of  gases  are  given  off  for  each  ton  of  coke  consumed,  and 

wRh  rawr  coal  130,000  cubic  feet  of  gas,  measured  at  60''  F.  per  ton  of  fuel. 

Tfce  proportion  of  combustible  gas,  carbonic  oxide  and  hydrogen,  is  higher  for 

cqbL  and  is  not  dependent  always  on  the  weight  of  fuel  required  to  produce  a 

tar.  of  pig  iron.     Some  furnaces  using  28  cwt.  of  coke  per  ton  of  pig  iron  give 

q5  gases  poorer  in  combustible  than  others  taking  only  19  cwt  of  coke.     The 

poorer  gases  are  from  coke-fed  furnaces,  and  the  percentage  by  volume  is  of 

orfocaic  oxide  25  to  85,  and  of  hydrogen  about  2  per  cent,  with  marsh  gas 

afaoot  05  to  2  per  cent.     Blast-furnace  gas,  of   heating  value   120   British 

&eraul  unit>   per  cubic  foot,  when  used  to  drive  gas  engines,  gives  one 

LH.K  for    about   100  cubic  feet  of  gas    per  hour.    This  waste  gas  has 

ctilised  (1)  to  heat  the  blast  by  combustion  in  hot  blast  stoves,  (2)  to 

by  steam  in  gas-fired  boilers  the  power   required  for  the  blast, 

and  hoisting  machinery.     In  the  gas  engine  the  gas  gives  four  or 

iu  daici  this  power,  a\*ailable  for  electric  distribution. 

For  instance,  it  i>  calculated  that  in  a  blast  furnace  producing  600  tons  of  pig 

30!:  per  week,  with  a  consumption  of  one  ton  of  coke  per  ton  of  pig  iron,  3*57 

tQ5  c?f  coke  are  used  per  hour  and  the  gases  evolved  are  607,070  cubic  feet 

pe  hour.    Allowing  one-third  of  this  for  heating  the  blast,  and  10  per  cent. 

into  the  atmosphere,  this  leaves  684,007  cubic  feet  of  gas  available  for 

piarposes.     At  a  heating  value  of  95  British   thermal  units  the  gas 

eo^Qc  requires  140  cubic  feet  of  this  gas  per  I.H.P.  hour,  and  we  have  a  gas 

«ff iy  equal  to  2,386  I.H.P.    The  blast  takes  275  I.H.P.,  and  hoisting  absorbs 

•  I.H.P.,  leaving  for  electric  distribution  or  other  purposes  2,081  I.H.P. 

T^  TBa^tc  of  gas  into  the  atmosphere  might  be  reduced,  and  for  every  1*8  lb. 

if  ookc  cYiargcd  into  the  blast  furnace  for  smelting  the  pig  iron,  under 

■fc»y  vocfing  conditions,  one  I.H.P.  hour  may  be  developed  from  the 

tteiohrei. 

i0  '^•ahrlcrs  are  retained  for  stand-by  purposes,  the  circulating  water  for 

-Tfl  iiftthigas  engine  cylinder  cool  is  available  as  feed  water,  and  some  oi 


118  SCIENCE  ABSTRACTS. 

the  waste  heat  is  utilised.  The  blast  furnace  need  not  be  blown  out,  but  kept  in 
operation  continuously  for  producing  power,  which  may  be  employed  :  (1)  by 
gas  engines  driving  air-blowers;  (2)  the  cleansed  and  filtered  gas  can  be 
distributed  without  any  loss  due  to  condensation,  as  in  the  case  of  steam,  and 
used  in  the  gas  engine  to  drive  machinery  and  to  generate  electric  current  for 
light  and  power. 

In  the  Westphalian  iron  district  in  Germany  a  Thwaite-Gardner  plant 
has  been  put  down  to  use  blast-furnace  gas,  generating  electric  current  for  the 
manufacture  of  calcium  carbide.  The  gas  from  the  blast-furnace,  after 
purification,  condensation,  and  filtration,  is  used  to  drive  a  gas  engine  of 
160 1.H.P.  The  supply  of  gas  is  maintained  constant  by  a  combined  exhauster 
and  blower.    The  average  composition  of  the  gas  by  volume  is  : — 

Carbonic  acid C0»  7-8 

Carbonic  oxide  CO  80*7 

Hydrogen    H,  8-8 

Marsh  gas  CH4  0*5 

Nitrogen N,  67*7 

lOOO 

The  heating  value  of  the  gas,  down  to  212°  F.,  is  111*7  British  thermal  units 
per  cubic  foot  at  60°  F.  The  mean  pressure  in  the  gas  engine  cylinder,  from 
the  indicator  diagram,  is  60  to  70  lbs.  per  square  inch.  The  engine  has 
two  cylinders,  and  at  full  load  there  is  an  explosion  every  revolution.  For 
small  blast  furnaces  in  manufacturing  areas  the  power  developed  can  be 
disposed  of  to  the  best  advantage.  (See  also  1898,  Abstracts  Nos.  Wl,  992 
and  998.)  W.  R. 

298.  Modern  Sicam   Waggons.    G.  A.   Burls.    (Automotor  Journal,  4. 
pp.  68-56.     Discussion,  pp.  66^68,  November,  1899.     Read  before  the  Civi] 
and  Mechanical  Engineers'  Society.) — This  paper  summarises  the  part  of  the 
Locomotives  on  Highways  Act,  1896,  which  deals  with  the  tare  limits  foi 
the  heavier  vehicles.    The  author  proposes  that  the  three-ton  limit  shouU 
be  raised  to  four  tons,  that  the  gross  load  per  inch  width  of  lyre  shouk 
be  as  much  as  two-thirds  of  a  ton,  or  1,490  lbs.,  and  that  a  speed  of  si 
miles  per  hour  should  be  allowed.     Incidentally  it  is  remarked  that  heay 
load  horse  waggons  which  have  proved  durable  at  from  three  to  four  mile 
per   hour    soon  give   way  with   the    same  loads   at   seven   to  eight  mile 
per   hour.      Figures  are  given,  and  the   power  required  is  calculated,  fc 
"  steamobiles "   to  carry  on   the  four-ton  tare  limit  a  useful   load  of  eig! 
tons,  and  with  assumed  road  resistances  of  which  tables  are  given. 

The  influence  of  tyre  width  is  dealt  with  and  reference  made  to  the  Roy 
Agricultural  Society's  trials  at  Birmingham  in  1898  (Rep.  Jour.  Roy.  Ag.  Sc 
vol.  ix.  part  3,  pp.  460-491),  experimental  figures  from  which  are  given. 

An  analysis  is  given  of  all  the  costs  of  running  a  Thornycroft  steam  waggi 
for  a  whole  year,  doing  an  average  of  84  waggon  miles  per  day,  carrying  a  lo 
making  110  net  ton-miles  per  day,  which  in  the  year  amounted  to  8,600  mil 
of  running  and  27,600  net  ton-miles,  at  a  total  running  cost  of  8'ld.  per  i 
ton-mile.  This  is  compared  with  1  the  cost  of  horse  haulage  on  a  large  scs 
which  amounts  to  6d.  per  net  ton-mile.  A  table  accompanies  the  paper  givi 
dimensions,  results  of  trials,  and  cost  of  running  of  a  large  number  of  Bril 
and  foreign  steam  vehicles. 

In  referring  to  liquid  fuel  as  used  in  some  molot  veV\vc\os  an  eiipress 
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is  given  for  the  quantity  of  petroleum  discharged  and  burned  per  hour  from 
orifices,  such  as  those  of  the  Brickford  burner,  working  under  different  air 
pressures ;  it  is  as  follows  : — 

Q  being  oil  discharged  per  hour  in  pints,  w  area  of  orifice  in  square  inches, 
and  p  air  pressure  in  lbs.  per  square  inch.  W.  W.  B. 

209.  Renault  Motor-Voiturdte.  (Indus,  and  Iron,  27.  p.  801,  November  8, 
1889.) — This  article  describes  a  special  form  of  transmission  gear  which  differs 
from  that  ordinarily  employed  in  this  class  of  vehicle.  It  is  completely 
enclosed  in  an  oil-tight  gear-case,  and  the  interchanging  of  the  speed  gears  is 
effected  by  the  eccentric  movement  of  the  shafts  carrying  the  intermediate 
^pur  pinions,  as  in  some  lathe  heads.  The  reversing  gear  is  also  enclosed  in 
this  case,  and  tlie  whole  is  controlled  by  one  hand-lever  and  a  pedal.  The 
power  is  transmitted  from  the  speed-gear  mechanism,  by  means  of  a  Hook's 
jant,  to  a  bevil-pinion,  gearing  with  a  bevil-wheel  on  the  exterior  of  the 
di£Ferential-gear  on  the  rear  or  driving  axle.  The  carriage  is  fitted  with  a 
2J  H.P.  de  Dion  motor,  carries  two  persons,  and  has  run  from  Paris  to 
RambouiUet,  64-6  miles,  in  2  hrs.  49  min.   (Eng.  Pat.  8981,  1899.)      W.  W.  B. 

300.  Acetylene  for  Autocars,  (Archiv.  Post  Tele.  11.  pp.  655-568,  12. 
pp.  602-612,  June,  1899.)— The  author  predicts  that  when  safe  methods  of 
generating  and  storing  acetylene  have  been  discovered  it  will  displace  petrol 
as  the  explosive  agent  in  motor-car  engines.  Acetylene  explodes  best  when 
mixed  with  12  parts  of  air,  whereas  the  best  proportion  for  coal  gas  is  6  parts 
of  air.  The  fuel  for  10  H.P.  for  100  hours,  which  in  a  Scrpollet  Generator 
occupies  4  cubic  meties,  and  in  a  Petrol  motor  816  cubic  decimetres,  only 
requires  300  cubic  decimetres  in  an  acetylene  engine.  Moreover,  acetylene 
is  more  cleanly  and  smells  less.  Ravel  has  experimentally  found  that  the 
efficiency  of  acetylene  is  two  and  a  half  times  as  great  as  that  of  ordinary 
coal  gas,  but  he  concludes  that  a  type  of  gas  engine  suitable  for  it  has  yet  to 

.  he  found.  Claude  and  Hesse  have  shown  that,  under  a  pressure  of  12  kg.  per 
"q.  cm..  I  litre  of  acetone  will  absorb  no  less  than  800  litres  of  acetylene,  all 
of  which  it  will  give  off  again  upon  lowering  the  pressure.  E.  H.  C.-H. 

301.  W.  H,  Newmans    Variable   Speed    Gear.       (Engineer,   88.   p.   552, 

December  1,  1899.) — One  end  of  the  shaft  runs  at  constant  speed,  the  other 

is  driven  at  variable  speeds  within  the  limits  of  the  mechanism.    A  spur 

pinion  is  fixed  to  the  end  of  the  varying  speed  shaft,  and  is  set  centrally 

»ithin  the  case  enclosing  the  gear.    Three  wheels  mesh  with  this  pinion,  and 

each  is  driven  by  a  roller  "  free-wheel  "  clutch.    A  crank  pin  is  fixed  to  the 

disc  of  each   clutch  by  a  limb  from  an  eccentric  plate.    The  eccentric  is 

driven  by  the  constant  speed  shaft,  and  the  three  clutches  reciprocate  more 

or  k-ss  as  its  throw  incrca>es  or  decreases.     The  throw  of  the  eccentric  is 

Regulated  by  a  hand  wheel  and  screw.     No  appreciable  knock  occurs  when 

ihe  gear  is  running  at  its  highest  speed.  A.  S. 

REFERENCE. 

30ft.  Separate  Condcnsiuf^  Plants  for  Factory  Purposes.  A.  S.  Haslam.  (Instit. 
Chr.  En^y  Proc  138.  pp.  418-420,  October,  1899  ;  also  Engineer,  87.  p.  616.)— Com- 
PBttnoB  between  injection,  ejector,  submerged  or  closed  surface,  and  evaporative  or 
<96Hdr  condensers.  J.  T.  R. 
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303.  yeanty  Primary  Baiiery.  (Elcttricita,  Milan,  18.  pp.  404-406,  July  1, 
1899.) — This  is  a  battery  of  the  Daniell  t3rpe  with  special  arrangements  for 
maintaining  a  constant  supply  of  sulphate  of  copper.  On  a  trial  of  thirty-four 
days*  continuous  use  it  consumed  14^  lbs.  of  commercial  sulphate  of  copper 
and  8  lbs.  of  impure  zinc  per  kilowatt  hour,  costing  15  pence.  It  is  being 
employed  experimentally  to  operate  a  system  of  electric  railway  signals  by 
the  Chcmin  dc  Fer  del'Ouest,  and  for  lighting  the  Paris  excursion  steamer 
le  Touriste,  L.  B. 

304.  Mcrshon  Compensator.  (Amcr.  Electn.  11.  p.  434,  September,  1899.) — 
The  object  of  this  device  is  to  obtain  correct  readings  of  the  feeding-point  P.D. 
in  an  alternating  current  network  without  the  use  of  pilot  wires.  The  arrange- 
ment of  connections  as  used  by  the  Westinghouse  Co.  is  as  follows.  The 
station  voltmeter  is  joined  in  series  with  the  secondaries  of  three  transformers. 
The  primary  of  the  first  transformer  is  across  the  generator  terminals.  The 
primary  of  the  second  transformer,  which  has  an  open  magnetic  circuit,  is 
joined  in  series  with  the  feeder.  The  primary  of  the  third  transformer  (closed 
magnetic  circuit)  is  connected  as  a  shunt  across  a  non-inductive  resistance 
also  in  the  main  circuit  of  the  feeder.  The  non-inductive  resistance  bears  the 
same  ratio  to  the  total  resistance  of  the  feeder  as  does  the  inductance  of  the 
primary  of  the  second  transformer  to  the  total  inductance  of  the  feeder.  If 
everything  is  properly  adjusted,  the  station  voltmeter  may  under  these  condi- 
tions, be  made  to  read  the  feeding-point  P.D.,  the  open  magnetic  circuit 
transformer  subtracting  from  the  voltmeter  circuit  an  amount  proportional  to 
the  inductive  drop,  and  the  transformer  which  shunts  the  non-inductive 
resistance  an  amount  proportional  to  the  resistance  drop.  A.  H. 

306.  Construction  of  Resistances.  M.  Levy.  (Elektrotechn.  Ztschr.  90. 
pp.  677-679,  September  21,  1899.  Report  read  before  the  Deutscher  Elek- 
trotechn.  in  Hanover.) — An  illustrated  description  of  the  manufacture  of 
resistances  in  which  the  wire  is  embedded  in  enamel,  and  the  heat  dissipated 
by  numerous  ribs  on  the  cast  iron  framework.  P".  K.  S. 

306.  High-Voltage  Condensers.    Lombardi.    (Ind.  Elect.  8.  pp.  484-486, 
October  10,  1899.    Abstract  of  paper  read  by  Lombardi,  before  the  National 
Congress  of  Italian  Electricians  at  Como.) — On  account  of  the   difficulties 
connected  with  their  construction,  condensers  have  not  hitherto  been  used  for 
reducing  the  loss  in  long  transmission  lines  by  providing  the  idle  component 
of  the  current  at  the  far  end  of  the  line.     Lombardi  has  recently  succeeded  in 
constructing  condensers  whose  cost  is  so  moderate  as  to  justify  their  employ- 
ment  on  a  commercial  scale,  and  which  dissipate  so  little  energy  that  only  a 
slight  temperature  rise  is  observed.     The  condensers  consist  of  sheets  ol 
tinfoil  insulated  with  thin  sheets  of  paraffin  (mixed  with  some  other  ingredients] 
prepared  by  a  secret  process.    A  condenser  capable  of  working  on  a  10,00C 
volt  circuit  would  have  a  dielectric  thickness  of  2  mm.    A  little  over  100  kilo 
grammes  of  the  dielectric  would  suffice  to  produce  a  capacity  of  1  microfarad 
and  the  cost  of    the  materials  (tinfoil  included)  would  not    exceed    M\i 
Experiments  carried  out  by  the  author  have  shown  that  such  condenser^do  no 
gradually  deteriorate  when  continuously  traversed  by  an  alternating  currenf 

A.IJ 
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807.  Switches  and  CircuU  Breakers.  Brunswick,  VedovelH,  Zetter, 
Booctaerot,  Hillairet,  Grosselin,  Korda.  (Soc.  Int.  Elect.,  Bull.  16. 
yp.  7-30,  and  87-48,  1809.) — These  papers  form  a  discussion  on  the  relative 
merits  of  various  switches  for  low  and  high  tension  circuits. 

If  iDterrupters  of  all  kinds  are  only  opened  when  the  current  is  zero  the 
natnre  at  the  metallic  surfaces  in  contacts  is  immaterial  provided  the  contact 
»  sofBdently  good.  This  is  not  the  case  if  a  current  is  flowing  at  the  instant 
(rf  break  so  as  to  give  rise  to  sparks  or  arcs.  In  this  case  the  choice  of  the 
DMtallic  surfaces  is  a  matter  of  considerable  importance.  Certain  metals  and 
even  certain  forms  of  contact  surface  are  better  than  others  in  the  prevention 
ol  ihe  formation  of  arcs.  Recent  researches  on  arcs  between  metallic  elec- 
trodes show  that  certain  substances  tend  to  stifle  the  arc.  Zinc  tends  thu.s  to 
4tfl(:  an  art:,  as  also  bass,  but  to  a  less  extent.  For  high  pressures  it  is 
adtisahle  to  open  switches  in  oil.  W.  G.  K. 

308.  Mcafunment  of  P<nt,er  in  Polyphase  Systems.  A.  J.  Bowie,  Jr. 
(Elect  World  and  Engineer,  84  pp.  370-271,  August  19,  1899.)— The  most 
common  form  of  three-phase  meter  at  present  in  use  for  mea.suring  motor 
loads  is  one  with  a  star  box.  It  is  not  an  unusual  occurrence  for  one  of  the 
coils  of  the  t>ox  to  burn  out,  especially  when  placed  on  the  wrong  side  of  the 
switch.  In  ttiiii  event  the  meter  will  continue  to  register,  since  tlie  other  coil 
fe  alive.  If  one  leg  burns  out,  the  meter,  if  on  an  induction- motor  load,  will 
probably  go  slightly  faster  than  before  ;  but  if  Ihe  other  leg  burns  out,  the 
mt-tcr  will  slow  up  very  much  and  in  some  cases  may  even  run  backwards,  so 
that  the  company  will  owe  the  consumer  for  power  which  it  has  furnished. 

Meters  of  this  description  should  be  frequently  tested  to  see  that  both 
h^es  of  the  star  box  are  working.  All  that  is  necessary  is  to  see  that  both 
Icgft  into  the  star  box  apark  when  disconnected.  \V.  G.  R. 

309.  BlottdhI  Meter.  J.Reyval.  (Ed.  Ehclr.  20.  pp.  201-205,  August  12, 
IBM) — The   principle  of  this  meter  has  already  been  fully  explained  in 
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electromi^net  whose  winding  is  periodically  connected  across  the  supply 
mains.  In  order  to  suppress  sparking  at  the  contacts,  the  magnet  is  provided 
with  a  shunt  consisting  of  a  liquid  resistance  Vo(two  wires  dipping  into  water), 
V  is  the  contact-arm  of  the  movable  coil,  and  closes  the  circuit  of  the  electro- 
magnet by  coming  into  contact  with  the  spring  R ;  the  latter  is  normally  kept 
slightly  deflected  by  the  spring  to  which  the  armature  of  the  electromagnet  is 
attached.  When  the  armature  is  attracted,  the  spring  R  is  released,  and  gives 
an  impulse  to  the  swinging  coil.  Co  is  an  arm  attached  to  the  armature  and 
carrying  a  ratchet  which  drives  the  counting  mechanism  (not  shown).  The 
main  advantages  claimed  for  the  meter  are  :  it  is  capable  of  starting  with  a 
very  small  current,  the  frictional  resistance  of  the  counting  mechanism  not 
impeding  the  motion,  since  the  mechanism  is  driven  by  the  shunt  electro- 
magnet ;  there  are  no  permanent  magnets,  and  therefore  no  change  in  the 
constant  of  the  meter  need  be  apprehended.  The  constant  is  adjusted  by 
means  of  two  small  movable  masses  attached  to  the  swinging  coil,  which 
enable  the  moment  of  inertia  of  this  coil  to  be  varied.  A.  H. 

310.  Alternate  Current  Meters.  (Ind.  Elect  8.  pp.  468-464,  October  25, 
1899,  and  Elektrotechn.  Ztsclu*.  June  9, 1899.) — In  order  to  encourage  a  high 
power  factor  in  a  supply  system  the  customers'  meters  should  measure  the 
actual  power  used  together  with  a  percentage  depending  on  the  idle  current. 
If  0  be  the  lag  in  a  consumer's  circuit  the  power 

P=ECcos0 

and  the  idle  current=:C sin  ^.    In  order  to  charge  for  a  given  percentage  S 

of  this  idle  current  a  meter  is  required  whose  angular  velocity  is  not  simply 

=JtP,  but 

=*EC(cos0+Ssin0) 

=;tP(l-f-Stan0) 

By  suitable  design  an  ordinary  alternate  current  motor  meter  can  be  arranged 
to  read  this  quantity  directly.     For  in  such  a  meter  the  angular  velocity 

1-t-tan  j/tan^ 
""^*^~l-htan»i>^ 

where  ^  is  the  lag  in  the  shunt  or  armature  coil  of  the  meter.  For  a  given 
periodicity  /»,  L  and  R  may  be  so  proportioned  that 

tani/^=^s=S. 

Then  the  angular  velocity 

_.pl-hStan0 
"'^^    1+S» 

which  only  differs  from  the  required  form  in  having  S'  in  the  denominator. 
This  does  not  affect  the  readings  appreciably  if  S  be  less  than  10  per  cent. 

In  actual  meters  S=^  is  less  than  the  value  which  would  be  fixed  by  com- 
mercial considerations.    If  the  armature  turns  were  increased  till  8=5  per 
cent,  the  meter  would  show  increased  readings  by  7  per  cent,  with  a  60  per   i 
cent  load  /actor^  2^^  per  cent,  with  90  per  cent,  and  1^  per  cent,  with  96  per  /\ 
cent    Such  a  meter  would  encourage  the  use  of  motors,  &c.,  of  high  power  >ij 
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3U.  Joknson  and  Phillips  Supply  Meter,  (Electrician,  48.  pp.  604-606, 
Augnsl  18, 1809.)— This  is  an  intermittentlyi  integrating  ampere-meter,  driven 
by  an  electrically  operated  pendulum.  The  latter  is  so  arranged  that  it  only 
receives  am  impulse  when  its  oscillations  diminish  below  a  certain  amplitude, 
by  means  of  a  hit-and-miss  device  ;  the  mean  [>ower  absorbed  is  said  to  be 
not  more  than  one  watt.  The  meter  consists  of  a  fine  iron  wire  sucked  into 
a  small  solenoid  by  the  main  current,  and  actuating  an  aluminium  pointer  ; 
once  in  80  seconds  the  pointer  is  clamped,  a  feeler  is  brought  against  it, 
and  the  integrating  mechanism  is  moved  through  an  angle  determined  by  the 
position  of  the  pointer.  The  latter  is  then  freed  and  allowed  to  take  up  a  new 
position,  according  to  tiie  current  strength,  after  which  the  operation  is  re- 
peated. The  pointer  moves  over  a  scale  graduated  in  amperes,  and  visible 
from  the  outside  of  the  instrument.  The  starting  current  is  said  to  be  ^ji  of 
the  maximum  current,  and  an  accuracy  of  1  per  cent,  at  all  values  of  the 
current  is  claimed.  A.  H.  A. 

312.  Electro  Pneumatic  Signalling.  (Elect.  Rev.  46.  pp.  670-682,  October  27, 
and  708-704,  November  8,  1899.)— The  application  of  this  system  of  railway 
Mgnalling  in  the  new  Boston  Union  Station  is  briefly  referred  to.  The  signals 
and  points  are  worked  by  compressed  air  and  controlled  electrically.  The 
'•ystem  is  also  in  use  in  the  Bishopsgatc  Goods  Yard,  London,  on  the  Great 
K.istern  Railway  system.  Several  photographs  of  the  working  details  arc 
j^ixen.  The  air  valves  arc  worked  by  a  solenoid  controlled  from  the  signal 
■jabin.  An  air  pressure  of  75  lbs.  per  square  inch  is  employed.  The  "levers" 
consist  of  short  crank  handles  rotating  a  long  bar  to  which  the  various  switches 
are  attached  as  required,  giving  a  much  more  compact  and  easily  operated 
system,  and  a  wider  range  of  interlocking  connections,  than  can  be  obtained 
b>-  mechanical  levers.  At  the  Bishopsgatc  Yard  thirty-eight  levers  arc  eni- 
pk>>-cd  requiring  10  cubic  feet  of  air  per  minute  nie;isurcd  at  atmospheric 
pressure.     (See  1899,  Abstract  No.  1283.)  L.  B. 

313.  Cradle  Dynamometer,  A.  F.  M'Kissick.  (Amer.  Electn.  11.  p.  409, 
September,  1899.)— A  description  of  a  transmission  dynamometer  to  measure 
about  5  H.F.  transmitted  by  a  belt  from  an  induction  motor  to  a  dynamo.  The 
«h-namonieter  is  mounted  on  two  knife  edges  in  line  with  the  axis  of  the 
machine.  A.  S. 

314.  Eicdric  Ship-Telegraphs,  A.  Raps.  (Elektrotechn.  Ztschr.  20. 
:  p.  645-650.  Discussion,  pp.  650-651,  September  7,  1899  ;  paper  read  before 
•jie  Elektrotechn.  Vereins,  Berlin,  February  28,  1899.)— A  detailed  and  fully 
illustrated  description  is  given  of  a  system  of  ships*  telegraphs  actuated  by 
electric  currents,  constructed  by  Messrs.  Siemens  and  Halske,  and  fitted  to 
many  ships  of  the  German  navy  and  others.  In  the  discussion  Hefner- 
Alteneck  briefly  described  the  early  forms  of  electric  ship  telegraphs  and 
Arldt  the  forms  constructed  by  Elliot  Bros,  and  the  AUgemeine  Elektricitats 
Gcscllichafl.  L.  B. 

316.  Insulation  for   High-Tension    Lines,      C.    Hesse.       (Elektrotechn. 
Ztschr.  20.  pp.  623-624,  August  81,  1899.)— Description  of  an  ingeniously 
devised  insulator  which  permits  the  line  wire  to  be  in  separate  sections 
between  each  pair  of  posts.    The  wire  is  supported  at  its  ends  by  metal 
books  or  fingers  which  immediately  release  it  in  the  event  of  its  being  broken. 
Tiierr  is  thas  no  danger  to  life,  ^^  y^^  ^^ 
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316.  Aluminium  as  an  Electrical  Conductor.  C.T.  Child.  (Elect.  Rev. 
N.Y.  35.  p.  188,  August  80,  1899.) — ^Thc  following  constants  are  taken  as 
basis  of  the  calculations  in  this  article  : — 


Copper. 

Conductivity 100 

Specific  gravity   8*93 

Weights  for  equal  conductivity  100 

Areas  for  equal  conductivity 63 

Diameters  of  wires  for  equal  conduc- 

tivih'  10 


Aluminium. 

63 
2-16 
48 
100 

12-64 


The  author  has  calculated  from  these  constants  a  table  showing  the 
equivalent  price  of  aluminium  for  any  price  of  copper  between  the  two 
extreme  limits  of  12  and  20  cents  per  lb. 

This  table  is  also  presented  in  diagram  form,  witli  the  prices  of  copper  as 
abscissae,  and  the  prices  of  aluminium  as  ordinates. 

The  general  figures  are  given  below  : — 


Price  of 

Equivalent  Price 

IVicc  of 

l^ 

uivalent  Price 

Copper. 

of  Aluminium. 

Copper. 

Aluminium. 

12 

26 

17 

35-85 

13 

27-1 

18 

37-85 

14 

2915 

19 

39-4 

15 

31-2 

20 

41-5 

16 

33-3 

All  prices  in  cents  per  lb. 

The  author  closes  with  an  expression  of  his  opinion  that  the  use  of 
aluminium  for  conductors  will  greatly  increase.  J.  B.  C.  K. 

317.  The  Proiixiion  of  Low-Pressure  Circuits  from  High -Pressure  Currents. 
W.  B.  Reed  and  L.  C.  Reed.  (IClect.  World  and  Engineer,  34.  pp.  649-651, 
October  28, 1899.) — The  methods  used  at  present  are  classified  by  the  authors  : 
(1)  The  maintenance  of  a  high  insulation  on  both  high-tension  and  low- 
tension  circuits  ;  (2)  The  use  of  devices  to  earth,  to  short-circuit,  and  to  open 
the  affected  circuits  ;  (3)  The  permanent  grounding  of  one  wire  of  the  low- 
tension  circuit. 

They  point  out  tlie  objections  to  these  methods,  and  show  by  some 
examples,  the  unreliability  of  the  last  due  to  the  resistance  between  the 
earthed  main  and  earth  being  of  uncertain  value.  They  suggest  that  the 
earthed-main  should  be  earthed  through  a  set  of  resistances  of  certain 
definite  values ;  the  cutting-out  devices  to  be  operated  by  the  current  in  these 
earth-circuits  when  the  potential  difference  between  the  earthed-main  and 
earth  exceeds  a  certain  predetermined  limit.  E.  D.  P. 

318.  Aluminium  Transmission  Line.  F.  A.  C.  Perrine.  (Journal  of 
Electricity,  S.F.  8.  pp.  41-42,  August,  1899.  Paper  read  before  the  Pacific  Coast 
Electric  Transmission  Association,  San  Francisco,  June  20-21,  1899.) — ^Tests 
of  the  48-mile  two-phase  four-wire  power  transmission  line  of  aluminium 
employed  by  the  Standard  Electric  Company  of  California  are  given.  The 
following  are  the  main  details.  Power  transmitted  1,000  kilowatts  at  25,000 
volts ;  diameter  of  each  wire  294  mils. ;  weight  420  lbs.  per  mile ;  tensile 
strength  1,589  lbs. ;  resistance  2*11  ohms  per  mile ;  insulation  resistance 
J60^000  ohms  to  44  megohms ;  capacity  8*85  microfarads  ;  and  self-induction 
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0*17  hcarys  per  line.     The  variation  of  capacity,  as  well  as  of  insulation,  with 
the  state  of  the  atmosphere  is  noticed.  L.  B. 

319.  Starting  Resistances  for  Induction  Motors,  F.  Niethammer.  (Elek- 
trotechn.  Ztschr.  ^0.  pp.  604-606,  August  24, 1899.>--The  induced  winding  of 
an  induction  motor  is  generally  provided  with  a  starting  resistance  which,  in 
the  case  of  a  thrce-pliase  winding,  is  connected  star  fashion  to  the  winding. 
Such  an  arrangement  is  fairly  complicated,  and  involves  a  large  number  of 
contacts.  The  author  describes  a  number  of  starting  resistances  which  are 
much  simpler  than  those  hitherto  generally  in  vogue.     In  fig.  1  is  shown  an 


i*  FIC.2.      ^ 


FIG    I 


FIG  3. 


arrangement  for  a  three-phase  induced  winding  due  to  Kahlenberg,  and  used 
by  Siemens  and  Halske.  Fig.  2  may  be  used  in  connection  with  a  two-phase 
winding,  and  fig.  8  shows  another  variety  of  a  three-phase  starting  resistance. 
In  the  last  case,  there  is  a  slight  want  of  symmetry,  since  when  the  contact- 
arm  has  reached  its  extreme  position,  so  as  to  bridge  over  the  last  two 
contacts,  one  phase  is  short  circuited  on  itself,  while  the  remaining  two  are 
joined  in  series  and  short  circuited.  A.  H. 

320.  Electric  Transmission  in  Steel  Works.  (Engineer,  88.  pp.  46-46, 
July  14, 1899.)— This  is  a  description  of  the  electrical  plant  at  the  works  of 
the  Frodingham  Iron  and  Steel  Company,  Doncaster.  Electromotors  are  used 
to  drive  the  line  rolls  and  skids,  through  worm-gearing  running  in  oil,  with  a 
>peed  reduction  of  9*5  : 1.  A  furnace  charging  machine  is  also  electrically 
driven.  The  motors  are  of  80  H.P.  each,  but  are  capable  of  working  at 
80  H. P.  intermittently ;  they  are  of  the  enclosed  type,  with  four  poles  and 
dotted  armature  cores.  Each  motor  is  governed  by  a  controller,  the  starting, 
>topping,  and  reversing  being  effected  with  a  single  lever.  Other  motors  are 
in  use  driving  a  crane  and  a  slag-crushing  mill.  The  plant  is  highly 
sp(^en  of.  A.  H.  A. 

321.  Size  of  Motors  for  Driving  in  Workshops.  (Amer.  Instit.  Elect.  Engin., 
Trans.  16.  pp.  16S-199, 1899.) — ^This  topical  discussion  dealt  with  the  question 
of  sabdivision  of  the  motor  equipment  of  electrically  driven  works,  from  the 
points  of  view  of  capital  outlay,  economy  of  power,  and  convenience.  G.  S. 
Paon  sobmitted  data  and  cvrves  showing  that  the  direct  saving  oi  po^ 
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cranes  a  large  proportion  of  the  power  applied  is  absorbed  in  merely  moving 
the  rope  or  revolving  the  shaft,  and  this  consumption  of  power  is  constant 
whether  the  crane  is  working  or  not.  Even  in  the  busiest  shops  cranes  are 
seldom  engaged  more  than  40  per  cent,  of  the  working  hours,  the  remaining 
time  being  occupied  in  preparing  loads  and  adjusting  slings.  The  electrically 
driven  crane  is  superior  in  this  respect  to  the  mechanically  driven  one,  and 
also  in  the  facility  with  which  the  transmission  of  power  can  be  made.  The 
various  advantages  of  electric  cranes  are  discussed  in  .simple  language,  and 
the  practice  of  makers  with  regard  to  motors,  switches,  speeds,  &c.,  are 
detailed.  With  the  introduction  of  the  high  speeds  of  crane-travel  it  has 
been  found  necessary  to  increase  the  strength  of  the  girders ;  the  top  flange 
should  be  designed  so  as  to  easily  resist  lateral  strains  which  occur  by 
suddenly  stopping  and  starting  the  crane  when  fully  loaded.  A.  S. 

328.  Electric  Canal  Haulage.  G.  Klingenberg.  (Elektrotechn.  Ztschr. 
20.  pp.  641-646,  August  8,  1899.) — A  description  of  a  series  of  experiments 
made  by  Siemens  and  Halske  in  electric  haulage  on  the  Finow  Canal.  Two 
systems  were  tried — that  of  Lamb,  and  a  new  one  designed  by  Kottgen.  One 
kilometre  of  canal  was  equipped  with  the  necessary  overhead  lines,  continuous 
current  at  500  volts  being  employed  in  each  case.  In  the  Lamb  system  a 
5  H.P.  series  motor  is  carried  in  a  truck  weighing  one  ton  in  all  and  runs  on 
an  overhead  cable.  Owing  to  the  strains  set  up  it  was  found  impossible  to 
support  this  cable  on  insulators,  and  a  second  line  had  to  be  erected  to  supply 
the  current. 

The  barges  are  towed  by  ropes  as  usual.  Owing  to  the  suspension  of  the 
motor,  the  construction  of  curves  offers  great  mechanical  difficulty.  The 
supporting  wire  is  subjected  to  severe  bending  strains,  and  an  accident  of  any 
kind  causes  a  serious  interruption  in  the  traffic  owing  to  the  great  weight  of 
the  suspended  motor.  The  compensating  advantage  lies  in  the  fact  that  the 
tow-line  is  carried  well  overhead. 

In  the  Kottgen  system  a  small  electric  locomotive  is  employed  of  some  two 
tons  weight.  The  wheels  on  one  side  only  arc  driven,  these  carrying  86  per 
cent,  of  the  weight  of  the  locomotive,  thus  giving  stability  against  the  side 
strain  of  the  tow-line.  The  other  wheels  run  either  on  a  light  rail  or  on  the 
paved  tow-path. 

A  rack  system  was  tried  but  abandoned  in  favour  of  simple  adhesion.  The 
normal  speed  is  three  miles  per  hour  when  exerting  a  tractive  force  of  12  cwt. 
A  series  motor  is  used,  and  hence  a  much  higher  speed  is  attained  when  the 
loco,  is  running  light.  Details  of  the  experiments  and  a  summary  of  the 
advantages  of  electric  haulage  are  given.  L.  B. 
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332.  Low-voliage  Dynamos,    E.  K.  Scott.    (Electrician,  48.  pp.  904-905, 
October  90,  1899.)— The  author  discusses  the  design  of  dynamos  for  electro- 
chemical work  with  special  regard  to  the  difficulty  of  collection,  and  points 
oot   the  advantages  of   .the  internal  field    type  with    ring  armature,   the 
oondnctors  on  the  external  periphery  of  which  are  used  as  commutator  bars. 
The  large  brush  surface  obtained  permits  of  the  use  of  cheap  carbon  brushes — 
an  important  point ;  in  one  case  where  the  renewal  of  copper  brushes  cost 
190  to  i&IO  per  month,  the  substitution  of  carbon  reduced  the  outlay  to  a 
nominal   figure.    The  saving  in  cost  of  construction  of  the  internal-field 
machine  is  also  referred  to. 

For  smooth-core  armatures  which  are  liable  to  short  circuits,  the  Oerlikon 
Company  uses  brass  discs  at  intervals  in  the  core,  which  are  perforated  to 
carry  the  conductors  and  hold  them  in  place.  A.  H.  A. 

333.  Brush  Multicircuit  Arc  Dynamo.  (Amer.  Electn.  11.  pp.  486-437, 
September,  1899.) — lliree  circuits  of  42  lamps  each  are  run  off  a  125  light 
Brush  arc-light  dynamo.  Each  circuit  is  connected  between  the  positive 
brush  of  one  armature  section  and  the  negative  brush  of  the  next,  so  that, 
although  the  three  circuits  are  really  in  series,  there  are  only  2,100  volts  in 
each.  The  ciurent  is  controlled  by  a  new  form  of  oil  regulator,  which 
consists  of  an  oil  pump  driven  off  the  shaft  by  a  belt  supplying  oil  through  a 
two-way  valve  to  a  rotary  piston  which  works  the  rheostat  arm  and  brush - 
rocking  nieclianism.  The  valve  is  worked  by  a  solenoid  in  the  main  circuit, 
nitfa  an  excess  current  it  admits  oil  to  one  side  of  the  piston,  and  with  a 
cnrrent  less  than  normal,  to  the  other  side.  The  valve  and  ports  are  made  so 
that  in  the  normal  position  the  oil  leaks  past  both  ports.  R.  B.  K. 

334.  Arc-Machine  Regulation.  H.  F.  Watts.  (Elect.  World  and 
fcngineer,  34.  pp.  157-158,  July  29,  1899.) — The  author  advocates  the  use 
Ji  the  Thomson- Houston  regulator  on  modern  arc-lighting  dynamos. 

W.  G.  R. 

335.  Annaturc  Reaction  in  Dynamos.  R.  V.  Picou.  (Soc.  Int.  Elect., 
BoiL  16.  pp.  160-178,  1899.)— Instead  of  attributing  the  fall  of  potential  be- 
tween the  brushes  of  a  dynamo  as  the  load  increases  to  a  demagnetising 
eacct  of  the  armature  currents  (in  addition,  of  course,  to  a  fall  of  potential 
due  to  the  resistance  of  the  armature  itself),  the  author  prefers  to  attribute  it 
io  an  increase  in  the  reluctance  of  the  magnetic  circuit.  Whichever  explana- 
tion \<  given  the  fall  of  potential  is  due  to  a  diminution  of  the  useful  flux 
through  the  armature.  The  change  in  the  reluctance  is  due  to  the  deforma- 
tion which  the  magnetic  field  undergoes  on  account  of  the  effect  of  the  arma- 
SEre  current,  and  is  constant  so  long  as  the  lead  of  the  brushes  is  less  than 
hah  the  intcrpolar  angle  ;  whence  the  fall  of  potential  is  independent  of  the 
kad  of  the  brushes  and  cannot  therefore  be  due  to  the  opposing  ampere 
inms  of  the  armatiu-e.    The  author  supports  his  theory  by  proving  experi- 

that  the  fall  of  potential  between  the  brushes  is  independent  of  their 
then  showing  by  calculation  that  the  effect  of  the  increase  of  the 
due  to  the  deformatioii  of  the  magnetic  Beld  agrees  with  the 
VOL.  UL  K 
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experimental  results.  The  effect  of  the  armature  current  is  to  modify  the 
distribution  of  the  magnetic  flux.  These  modifications  are  as  follows  :  (1)  In 
the  magnets  the  lines  of  force  undergo  a  slight  increase  of  length.  In  the 
yoke  and  limbs  there  is  no  change  of  induction  in  any  way  whatever  ;  but  in 
the  pole-pieces  in  the  neighbourhood  of  the  air-gap  the  induction  varies  from 
point  to  point  and  consequently  the  permeability  also.  (2)  In  the  air  gap  the 
magnetic  path  is  lengthened.  (8)  In  the  armature  there  is  little  or  no  change 
of  permeability,  but  the  mean  length  of  the  magnetic  path  is  increased. 

W.  G.  R. 

336.  Armature  Reaction  in  Alternators.  A.  Blondel.  (Comptes  Rendus, 
129.  pp.  586-689,  October  16,  1899.)--Considering  the  case  of  a  polyphase 
alternator  symmetrically  loaded,  the  author  points  out  that  the  actual  armature 
reaction  corresponding  to  a  given  phase  displacement  may  be  regarded  as 
made  up  of  (1)  an  opposing  magnetic  flux  due  to  the  idle  component  of  the 
current ;  (2)  a  cross-flux  due  to  the  load  component.  So  long  as  the  mag- 
netisation is  well  below  saturation,  the  effect  of  armature  reaction  may  be 
expressed  in  terms  of  two  coefficients  of  self-induction,  /  (corresponding  to 
load  current)  and  /^  (corresponding  to  idle  current),  by  the  vectorial  equation 


E»=rI+//)I  cosij^-h/'^l  sini^, 

where  E^  is  the  drop  of  potential  due  to  armature  resistance  and  reactance,  i 
the  resistance  of  the  armature,  and  ^  the  phase-difference  between  the  E.M.F. 

and  current.    The  vectors  ipi  cos  ij/  and  I'pl  sin  ^  are  in  quadrature  with  the    • 

currents  Icos^  and  IsiniJ/  respectively,  while  rl  is  in  phase  with  I.  In  cases  ; 
where  the  permeability  can  no  longer  be  regarded  as  constant,  we  must,  in-  ": 
stead  of  considering  /',  determine  the  magnetomotive-force  corresponding  to  ■ 
it,  and  compound  this  with  the  magnetomotive-force  due  to  the  field  winding. 

A.  H. 

337.  Artnaturc  Reaction  in  Alternators,  A.  Potier.  (Comptes  Rendus, 
129.  pp.  687-640,  October  28,  1899.)— Referring  to  Blondel's  paper  (see  pre- 
ceding Abstract),  the  author  states  that  the  assumption  by  that  writer  of  two 
different  coefficients  of  self-induction  for  the  armature  is  intended  to  emphasise, 
the  fact  that  the  inductance  of  the  armature  varies  according  to  its  position  in 
the  field,  and  is  a  periodic  function  of  frequency  double  that  of  the  E.M.F. 
Taking  the  general  differential  equation  of  current — 

Ri+^^(U)  =  EsinM 
the  author  considers  the  special  case  in  which  L  =  - — ^ — ^ — oTj*  and  obtainf 

1  — ■  a  aCOS  ^pt 

a  solution  in  the  form  of  a  convergent  series  arranged  according  to  power,  ol 
a.  If,  therefore,  the  E.M.F.  follows  the  simple  harmonic  law,  and  L  i 
variable,  the  current  can  no  longer  be  assumed  to  be  a  simple  harmonic  one- 
an  assumption  implied  in  Blondel's  treatment  of  the  subject.  The  autho 
further  obtains  a  solution  of  the  differential  equation  of  current  when  tb 
E.M.F.  is  expressed  by  a  Fourier  series,  and  L=Li/(l— 2<icos2^/— 2/3cos^ 
-2rcos6/»/-  .  .  .  )  A.  I 

338.  Sparkless  Running  of  Dynamos.    H.  Isler.    (Elektrotechn.  Ztschr.  S 
pp.  714-716,  October  12,  and  782-784,  October  19,  1899.)— In  this  eUbon 

paper  the  author  seeks  to  establish  criteria  whereby  the  behaviour  of  a  maclw 
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all  of  whose  constmctional  details  are  accurately  known  may  be  estimated  as 
regards  sparking.  The  differential  equations  of  the  current  in  the  short- 
circuited  coil,  and  the  currents  passing  to  or  from  the  commutator  segments, 
are  first  developed.  From  these  equations  the  author  deduces  a  relation  con- 
necting the  mean  induced  E.M.F.  during  the  period  of  short  circuit  with  the 
armature  current,  the  inductance  of  the  coil,  and  the  time  of  the  short  circuit 
— on  the  suppositions  that  the  current-density  under  the  brush  remains 
ooiform,  and  that  the  induced  E.M.F.  obeys  the  straight-line  law.  By  means 
oi  this  relation,  and  from  the  known  intensity  in  the  air-gap,  it  is  possible  to 
predetermine  approximately  the  lead  of  the  brushes.  The  calculation  of  the 
bnt^h  contact  resistance  and  the  inductance  of  the  coil  in  various  cases  is  next 
considered.  The  author  points  out  that  a  machine  having  a  very  small  brusli 
lead  is  not  necessarily  a  satisfactory  one,  since  sparkless  commutation  may  be 
only  possible  within  very  narrow  limits,  and  the  brushes  may  require  careful 
adjostment.  He  then  proceeds  to  develop  some  other  formulae,  which  furnish 
farther  tests  as  to  the  non-sparking  quality  of  a  machine.  A  long  table,  con- 
taining various  data  of  a  number  of  actually  constructed  machines,  is  appended 
to  the  papxrr.  A.  H. 

339.  Paralleling  of  Gas-driven  Alternators,  G.  Dettmar.  (Elcktrotechn. 
Ztschr.  20.  pp.  728-730,  October  19,  1899.  Read  before  the  7  Jahresversamm- 
lung  dcs  Vcrbandes  Deutscher  Elektrotechniker  at  Hanover.)—  The  principle 
oi  the  device  patented  by  the  author  has  already  been  briefly  explained  in 
.Vhstract  No.  1273  (1899).  The  magnetic  brake  consists  of  a  powerful  electro- 
cagnct  whose  pole-pieces  arc  placed  in  close  proximity  to  the  rim  of  the 
engine  fly-wheel.  The  braking  effect  is  due  partly  to  hysteresis  and  partly  to 
the  powerful  eddy-currents  induced  in  the  rim.  The  magnet  coil  is  connected 
in  scries  with  a  regulating  resistance  which  enables  the  load  to  be  varied. 
S'jch  an  electromagnetic  brake  costs  less  than  an  artificial  load  of  wire  resist- 
-tcccs.  It  is  in  use  at  some  lighting  stations  in  Germany,  and  the  author  cites 
a  ca=<:  in  which  two  gas-driven  alternators  are  paralleled  without  any  notice- 
ih;e  di>turbancc  by  means  of  such  a  brake,  whereas  any  attempt  to  parallel 
thtm  u-ithout  it  gives  rise  to  very  heavy  equalising  currents  and  consequent 
djctuations  in  the  P.D.  of  the  mains.  A.  H. 

340.  Hunting  of  Paralleled  Alternators.    P.  Boucherot.    (ficl.  Electr. 
il  pp.  121-127,  October  28, 1899.)— Referring  to  Kapp's  article  on  this  subject 

H.^  1&99.  Abstract  No.  1085),  the  author  points  out  that  as  far  back  as  1892 
'Jt  :i:^,  in  La  Lumiere  Elect rique,  vol.  xlv.,  given  an  explanation  of  the  see- 
^Ting  action  which  is  sometimes  observed  to*  take  place  between  paralleled 
Xichines.  A  portion  of  the  original  article  is  reproduced,  and  the  author 
tei  gives  the  following  approximate  formula  for  the  period  of  oscillation  T 
<rf  the  alternator  rotor  : 


=  2^y 


20tM 
JEl 


u  vbich  n  stands  for  the  revolutions  per  second,  M  for  the  moment  of  inertia 
«  the  rotor  (kilognunme  and  metre  as  units),  /  for  the  frequency,  E  for  the 
Ixia  bar  P.D..  and  I  for  the  short-circuit  current  of  the  alternator  correspond- 
■g  to  normal  excitation.    This  formula  agrees  with  that  given  by  Kapp.'    In 

at  odgMiaUy  given  in  Abstract  No.  1065,  1899,  is  wrong  on  account  of  a 
error  in  Kapp't  paptr ;  the  correct  expression  is— 

a,  /  '"^'» 
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dealing  with  two-phasers,  2EI,  and  in  dealing  with  thrcc-phascrs,  >/8EI  must 
be  substituted  for  EI  in  the  above  formula.  In  the  case  of  a  three-phaser,  E 
stands  for  the  P.D.  between  any  2  terminals,  and  I  for  the  short-circuit  cur- 
rent flowing  towards  or  from  each  terminal.  The  author  points  out  that  T  is 
not  quite  constant,  but  decreases  with  the  load,  and  this  decrease  may,  in 
alternators  with  powerful  armature  reaction,  amount  to  as  much  as  20  or  even 
25  per  cent.  In  order  to  avoid  see-sawing  the  author  recommends  making  T 
as  large  as  possible  in  comparison  with  the  periodic  time  of  the  impulses  of 
the  prime  mover  (avoiding  ratios  of  1,  8,  6,  &c.),  preferably  by  making  M 
large.  A.  H. 

341.  Hunting  of  Paralleled  Alternators.  A.  Blondel.  (Eel.  Electr.  21. 
pp.  215-216,  November  11,  1899.)— The  author  states  that  almost  simul- 
taneously with  Boucherot  (see  preceding  Abstract),  he  had,  in  La  Lumiere 
Eledriqne,  vol.  xlvi.,  given  a  solution  of  the  problem  of  the  sec-sawing  of 
paralleled  alternators.    The  formula  obtained  by  him  is 


PV  E 


9-81 M^ 


cos  6(1  sin  ^— I.sin  i//) 

where  T  is  the  period  of  the  oscillation  ;  P=number  of  like  poles  on  one  side 

of  armature ;    M=smoment  of  inertia  of  rotor  (kilogramme  and  metre  as 

units);   /=27r  x  frequency ;    E=E.M.F. ;   Osangle  of  oscillation;    I=short- 

circuit  current  corresponding  to  normal  excitation ;     Ie=actual    current ; 

/»/  2L-f/ 

tan^=:—  ;  ^^"+=/>qd4.V  ^^^^^^  ^>  ^  stand  for  the  resistances,  and  /,  L  for 

the  inductances,  of  the  alternator  armature  and  the  external  circuit  respec- 
tively. If  instead  of  two  machines  there  are  ///  of  them,  then  tan  >^=j>"  .>  ,  - .  This 

formula  is  more  general  than  those  given  by  Boucherot  and  Kapp,and  includes 
the  latter  as  special  cases  (cos  0=1 ;  sin\^=0).  The  author  points  out  that 
since  U  increases  with  the  load,  the  value  of  T  would,  at  constant  excitation, 
increase  with  the  load.  It  is  only  on  account  of  the  fact  that  with  increasing 
load  the  excitation  (and  therefore  £)  has  to  be  increased  in  order  to  maintain 
a  constant  P.D.,  that  T  decreases  with  the  load — the  effect  of  increased  excita- 
tion more  than  counter-balancing  the  effect  due  to  the  increase  in  !«.       A.  H. 

342.  Vector  Diagram  of  Paralleled  Alternators.  C.  F.  Guilbert.  (EcL 
Electr.  20.  pp.  821-828,  September  2,  1899.)— The  author  considers  the 
graphical  treatment  of  the  following  problem  :  two  alternators  being  coupled 
in  parallel,  and  the  I^D.  across  their  terminals  being  maintained  constant,  tc 
find  the  law  connecting  the  E.M.Fs,  currents  and  powers  of  the  twr 
machines  when  any  one  of  these  quantities  is  made  to  vary.  A  numbe 
of  vector  diagrams  illustrating  various  particular  cases  accompany  the  papca 

A.¥ 

343.  Divided  Closed-Coil  Windings.  G.  Ossanna.  (Zcitschr.  Elektrotcch: 
Wien.  17.  pp.  847-858,  June  25,  1899.)— The  author  considers  how  j 
ordinary  closed-coil  winding  of  the  Gramme  or  drum  type  may,  by  opcniJ 
it  at  a  number  of  points  and  then  suitably  connecting  the  different  grou 
of  conductors,  be  adapted  to  various  special  purposes.  Let  an  annate 
with  a  given  number  of  uniformly  distributed  external  conductors  be  suppos 

/<?  revolve  in  a  two-pole  magnetic  field  liaving  a  sine  distribution  round  i 
armature  periphery.    Each  conductor  then  becomes  the  scat  of  an  alternate 
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E.M.P.  obeying  the  sine  law,  but  at  any  given  instant  the  phases  of  the 
various  £.M.Fs.  are  different.  These  E.M.Ps.  may  be  represented  in  a 
vector  diagram  by  drawing  a  circle  and  inscribing  in  it  a  regular  polygon 
of  as  many  sides  as  there  are  conductors.  The  projections  of  the  sides  of  the 
poljrgoa  (which  is  supposed  to  revolve  synchronously  with  the  armature) 
on  a  fixed  straight  line  will  then  give  the  instantaneous  values  of  the  various 
EwM.Fs.  The  resultant  E.M.P.  due  to  any  group  of  conductors,  such  as 
thai  included  between  points  I  and  V  (fig.  1),  is  represented  in  magnitude 
and  phase  by  the  corresponding  chord  11'.  The  following  groups  of  windings 
are  considered  by  the  author  :  (A)  Windings  by  means  of  which  three-phase 
currents  may  be  obtained  of  an  E.M.F.  other  than  that  which  alone  would  be 
possible  if  the  winding  remained  closed.  Examples  are  shown  in  figs.  2  and  8* 
In  both  cases  the  closed  winding  is  cut  open  at  three  points  120^  apart 
fl,  II  and  III  in  fig.  1).  In  fig.  2  the  ends  T,  IT  and  IIT  are  joined  together, 
and  the  ends  I,  II  and  III  are  connected  to  slip-rings  from  which  three-phase 
currents  may  be  obtained.    This  gives,  in  fact,  an  ordinary  "  star  "  winding. 


FIG.  I 


FIG.  2. 


FIG. 3. 


F  I  G  .  -^. 


FIG. 5. 


The  E.M-F.  lictwcen  any  two  mains  is  here  y/S  times  that  which  would  have 
rented  if  the  winding  had  remained  closed.  Fig.  8  shows  an  arrangement 
whereby  the  same  armature  may  be  made  to  supply  two  distinct  three-phase 
circuits,  viz.,  a  high-voltage  motor  circuit  connected  to  I,  II,  III,  and  a 
k)w-voltage  lamp  circuit  connected  to  T,  IT,  III'.  (B)  Windings  by  means 
cl  whicb  a  high  starting  torque  may  be  obtained  in  the  rotors  of  induction 
motors  vrithout  the  use  of  starting  resistances  ;  this  higher  torque  is  obtained  by 
redocing  the  E.M.F.  in  the  induced  winding  at  the  moment  of  starting,  so  as 
to  necessitate  a  much  greater  slip  than  the  normal  one  for  the  production  of 
a  givcm  current.  An  example  is  shown  in  fig.  4,  in  which  ai,  a^,  as  are  three 
sTmmctrically  placed  points  in  the  three  arcs  of  the  winding ;  these  three  points 
arc  at  starting  connected  together,  and  the  slip  required  to  produce  a  given 

torqoe  is  then  ( j  times  greater  than  that  corresponding  to  a  connection 

«f  I,  II,  III ;  this  last  connection  is  established  when  the  motor  has  run 
■p  to  fpeed,  and  after  the  points  ai,  at,  az  have  been  disconnected. 
(Q  TIbb  0roop  of  windings  applies  to  cases  in  which  the  armature  is  provided 


i 
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with  two  independent  windings,  one  of  which  is  connected  to  a  commutator 
in  the  usual  way.  An  example  is  shown  in  fig.  6,  in  which  Bi,  B?  are  the 
brushes  of  the  closed-coil  winding,  whilst  the  points  I,  II,  III  of  the  divided 
winding  are  connected  to  points  of  the  same  potential  in  the  closed-coil 
winding.  The  point  O  at  which  the  six  sections  of  the  divided  winding  meet 
possesses  the  property  that  it  always  halves  the  E.M.F.  between  the  brushes. 
Hence  by  connecting  O  to  the  balancing  wire  of  a  three- wire  system,  the 
machine  may  be  used  either  as  an  equaliser  or  as  a  three-wire  generator, 
and  the  cross-section  of  the  conductors  in  the  divided  winding  need  only  be 
large*  enough  to  enable  them  to  carry  the  equalising  current.  Besides  the 
examples  shown  in  figs.  2-5,  the  paper  contains  a  very  large  number  of 
diagrams  showing  various  other  arrangements  of  a  divided  closed-coil 
winding.  A.  H. 

344.  Resistance  of  Dynamo  Brushes.  (Elect.  World  and  Engineer,  34. 
pp.  417-419,  September  16,  1899.) — A  series  of  experiments  made  by  R. 
B.  Tibbals,  L.  Lowenberg,  and  VV.  G.  Burns  on  a  85  kw.  dynamo  is 
described.  With  other  results  it  was  found  that — the  resistance  of  all  kinds 
of  brushes  varied  inversely  as  the  current ;  the  friction  of  carbon  brushes 
varied  in  a  similar  manner  ;  brushes  of  Babbitt  metal,  when  oiled,  ran  better 
than  any  other  kind  experimented  with  ;  the  friction  of  the  latter  increased 
with  increasing  current. 

With  a  200  kw.  eight-pole  dynamo,  having  a  commutator  82  inches  diameter^ 
268  bars,  64  brushes  in  eight  sets,  the  friction  diminished  with  increase  of 
current,  oil  being  used  ;  the  resistance  of  graphite  brushes  was  increased,  that 
of  copper-gauze  brushes  diminished,  by  the  use  of  oil.  With  large  commutators 
the  application  of  oil  increased  the  friction,  but  with  a  small  commutator  the 
contrary  took  place.  Many  other  conclusions,  of  minor  importance,  are 
given  in  the  paper,  and  a  large  number  of  experimental  curves.  A.  H.  A, 

346.  Weston  Winding  for  Three-wire  Dynamos,    A.  Sengel.   (Elektrotechn. 
Ztschr.  20.  pp.  525-527,  July  27,  and  548-560,  August  8,  1899.)— By  placing 
a  third  brush  half-way  between  theimain  brushes  of  a  dynamo,  two  circuits, 
each  at  a  P.D.  equal  to  half  the  terminal  P.D.  of  the  machine,  may  be 
supplied.    Suchian  arrangement  may  be  used  in  connection  with  a  three- wire 
distributing  system.     The  difficulty  due  to  sparking  at  the  intermediate  brush 
may  be  overcome  in  various  ways.    The  author  points  out  that  armatures 
provided  with  a  Weston  winding — i.e.,  one  consisting  of  two  (or  more)  indepen* 
dent  closed  windings,  the  commutator  segments  of  the  one  winding  being 
sandwiched  in  between  those  of  the  other — are  especially  suitable  for  this 
purpose.    The  main  brushes  of  the  machine  must  in  this  case  cover  as 
many  commutator  segments  as  there  are  windings.     By  making  the  third 
brush  only  wide  enough  to  cover  a  single  segment,  short-circuiting  of  singjU 
coils  by  this  brush  is  prevented.      When  running  on  open  circuit  a  certaii 
amount  of  sparking  at  the  intermediate  brush  still  takes  place,  on  accoun 
of  the  differential  action  between  the  two  branches  of  the  winding  whici 
connect  each  main  brush  with  the  intermediate  one.     The  author  mad 
the  singular  discovery  that  the  amount  of  sparking  is  dependent  on  th 
polarity  of  the  pole-piece  under  which  the  intermediate  brush  is  placec 
a  good  deal  more  sparking  taking  place  when  the  current  passes  froi 
the  brush  to  the  receding   commutator  segment  than  when  the  reven 
arrangement  is  adopted    When  the  machine  is  loaded  on  one  side  oqI 
its  behaviour  with  regSLtd  to  sparking  depends  on  whether  the  load  circuit 
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the  intermediate  brush  and  the  main  brush  in  advance  of  it,  or 
the  intermediate  brush  and  the  main  brush  behind  it  In  the  former  case  the 
sparking  decreases  with  increase  of  load  up  to  a  certain  limit  at  which  it 
practically  vanishes  and  beyond  which  it  reappears.  In  the  second  case,  the 
sparking  steadily  increases  with  the  load.  These  effects  may  be  explained  by 
considering  the  armature  reaction  and  current  distribution  in  each  case. 
The  author  concludes  from  his  experiments  that  when  carbon  brushes  are 
used,  machines  constructed  on  the  above  plan  are  capable  of  giving  good 
results  when  used  on  a  three- wire  network  on  which  the  want  of  balance  does 
not  exceed  20  per  cent  A.  H. 

348.  Wagner  Single-Phase  Motors.  (Amer.  Electn.  11.  p.  299,  June,  1899.)— 
A  description  of  tests  of  a  6  H.P.  Wagner  Electromotor  carried  out  by 
R.  B.  Owens,  University  of  Nebraska.  The  construction  of  the  motor  is  not 
described,  but  it  consists  of  a  motor  started  by  placing  the  armature  with 
commutator  and  brushes,  in  scries  with  a  field  excited  by  the  inducing  coil, 
thus  forming  a  series  motor.  When  run  up  to  speed  the  armature  coils 
are  short  circuited,  and  the  motor  runs  as  an  induction  motor.  No  results  are 
given  of  the  current,  torque,  or  power  factor  at  starting.  When  running,  the 
motor  gives  a  maximum  efficiency  of  78  per  cent,  and  a  power  factor  of 
88  per  cent.  Cur\'es  are  given  showing  the  variation  of  these  with  variations 
of  terminal  pressure.  The  frequency  of  supply  is  not  stated.  The  efficiency 
of  the  motor  when  hot  was  2  to  8  per  cent,  higher  than  when  cold,  stated  to 
be  due  to  a  reduction  of  iron  losses.  LI.  B.  A. 

347.  Imiuction  Motors.  C.  A.  Carus- Wilson.  (Elect.  Rev.  45.  pp. 
687-806,  October  27,  1899.  Lecture  delivered  before  the  Royal  Institution, 
April  28,  1899.) — ^The  theory  of  the  alternating  current  motor  was  illustrated 
in  an  interesting  way  by  aid  of  the  oscillograph,  the  author  showing  that  tlie 
hw  of  force  variation,  with  synchronously  varying  field  and  current,  was  such 
that  two  scries  of  impulses  at  right  angles  gtive  a  uniform  impulse  when  acting 
together.  It  \^*as  thus  possible  to  construct  an  alternating  current  motor  in 
which  the  sum  of  the  turning  moments  on  the  shaft  was  a  constant  quantity  ; 
the  well-known  induction  motor  giving  such  a  result. 

The  rotating  magnetic  field  of  the  induction  motors  was  illustrated 
by  an  exjxrrim^nt  in  which  a  small  permanent  magnet  carrying  a  mirror 
was  centred  upon  a  vibrating  rod  placed  between  two  pairs  of  elcctro- 
magnct^k.  When  two  opposite  magnets  were  excited  the  mirror  vibrated 
between  them  and  reflected  a  spot  of  light  on  to  the  screen,  tracing 
o*:!  a  vertical  line.  When  the  second  pair  of  opposite  magnets  was  excited 
the  "ipot  traced  out  a  horizontal  line  of  equal  amplitude.  Both  sets  were  then 
excited  together  by  currents  in  step  with  each  other,  with  the  result  tliat  the 
^pot  vibrated  in  a  line,  making  an  angle  45°  with  the  former  lines  of  vibration. 
"V^Tien.  however,  the  exciting  currents  were  made  to  differ  by  one-quarter  of  a 
period  the  ^pot  of  light  reflected  from  the  mirror  described  a  circle,  showing 
that  the  ^magnetic  field  produced  by  two  magnets  set  at  right  angles,  and 
excited  by  two  currents  differing  by  a  quarter  of  a  period,  is  of  uniform 
tatensity  and  rotates  at  a  uniform  rate.  K.  K.  S. 

348.  Hcyland  Single-Phase  Motors.  A.  C.  Eborall.  (Elect.  Rev.  45. 
pp.  510^18,  Sept  29, 1899.)—The  Heyland  motors  differ  but  little  with  regard  to 
Qeaeral  design  from  other  well-designed  motors  of  the  induction  type.  It  is 
'■  tiic  method  of  the  stator  windings  that  novelty  is  claimed  for  them*    TYi^ 
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starting  coil  has  few  turns,  while  the  running  coil  is  divided  into  sections 
which  are  successively  cut  in  as  the  speed  of  the  rotor  increases,  one  section 
only  being  used  at  the  instant  of  stai*t. 

The  rotor  is  wound  in  the  tri-phase  star  fashion,  the  free  ends  being 
connected  to  three  collector  rings  rigidly  attached  to  the  rotor  shaft,  but 
electrically  insulated  from  it  and  from  each  other. 

The  accompanying  table  gives  particulars  of  these  motors  in  sizes  varying 
from  T\y  to  100  H.P.  for  50  cycles  and  100  to  800  volts. 


B.H.P. 

Re\«.  per 

minute. 

Power 

factor. 

Per  cent. 

Efficiency 
Per  cent. 

Weight. 
Lbs. 

B.H.P. 

Revs,  per 
minute. 

Power 

factor. 

Per  cent. 

Efficiency 
Per  cent. 

Weight 
Lbs. 

1 

i 
1 

5 
10 

1,500 
1,500 
1,500 
1,500 
1,000 

55 
65 

70 
75 
80 

50 
65 
70 
80 
82 

66 
148 
154 
440 
660 

20 
40 
60 
80 
100 

1,000 
750 
750 
750 
750 

82 
85 

85 
85 
85 

85 
89 
90 
90 
91 

1,100 
2,640 
8,500 
4,400 
5,000 

The  motors  are  designed  on  the  following  lines  : — 

1.  Tempcrature-risc  after  eight  hours  at  full  load  will  not  exceed  40°  C. 

2.  Drop  of  speed  varies  from  10  per  cent,  in  the  smallest  sizes  to  8  per  cent, 
in  the  largest  motor. 

8.  All  motors  have  a  loading  limit  of  1^  times  the  full  load. 

4.  The  motors  are  designed  either  to  start  up  with  a  torque  equal  to  full 
load,  the  current  consumption  being  twice  the  full  load  current,  or  else  to 
start  with  a  torque  equal  to  two-thirds  of  that  at  full  load,  the  current  being 
IJ  times  the  full  load  current.  \V.  G.  R. 

349.  Friciional  Losses  in  Induction  Motors.  R.  Braun.  (Elektrotechn. 
Ztschr.  20.  pp.  685-687,  September  28, 1899.)— The  following  methods  may  be 
used  for  determining  friction  losses  in  induction  motors :  (1)  The  simplest 
is  to  measure  the  power  absorbed  by  the  motor  when  running  light,  then 
suddenly  to  open-circuit  the  induced  winding  and  take  another  wattmeter 
reading  as  quickly  as  possible.  The  difference  of  the  two  readings  is  prac- 
tically equal  to  the  frictional  loss.  (2)  The  second  method  consists  in  finding 
the  retardation  curve  of  the  rotor,  and  from  the  moment  of  inertia  of  the  rotor 
and  its  retardation  Ending  the  required  frictional  loss.  (8)  A  small  auxiliary 
motor  whose  efficiency  is  known  may  be  used  to  drive  the  rotor.  (4)  Very 
reliable  results  may  be  obtained  by  measuring  the  brake-power  w  (in  watts)  9k 
the  motor  pulley,  the  percentage  slip  s  corresponding  to  this,  and  the  slip  1^ 
when  running  light.  If  «'o  stand  for  the  required  frictional  loss  in  watts^ 
then  the  author  shows  that — 


w 


Wo= 


N^     5o(100-5) 

N?,  \<100-Sb) 


— I 


where  N  and  No  stand  for  the  total  magnetic  flux  through  a  rotor  windiii| 
when  loaded  and  running  light  respectively.  The  author  finds  that  the  meat 
value  of  N=/N*  for  well-designed  motors  is  0*9.  A  number  of  actual  tests  an 
described  illustrating  the  use  of  this  method,  which  is  very  convenient  as  1 
check  on  results  obtained  by  method  (1).  A.  H 

360,  Predetermination    of  Drop    in    Transform crs.      A.    E.    Kennellj 
{'^Ject   World  and  Engineer,  84.  pp.  848-844,  September  2,  1899.)— Tnml 
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fdrmer  cmlcalalioiis  are  much  simplified  by  supposing  the  secondary  circuit 
replaced  by  an  equivalent  circuit  giving  a  ratio  of  transformation  equal  to 
imity.  If  n  is  the  actual  ratio  of  transformation  (or  ratio  of  secondary  to 
primary  tnms),  then  in  effecting  the  reduction  mentioned  all  secondary  P.Ds. 
must  be  divided  by  n,  all  secondary  currents  multiplied  by  ;},  and  all 
secoodary  resistances,  reactances  or  impedances  divided  by  i/'.  We  may  next 
suppose  the  primary  and  secondary  circuits  conductivcly  connected  as  in  the 
tag.,  where  ri=impedance  corresponding  to  primary  leakage  flux,  2:=im- 


Y^m\ih'5'(rYmo(f(5^ f- 


«i 


I 


± 


SECONDARY 


pcdancc  corresponding  to  flux  common  to  the  two  coils,  ej^impcdancc 
corresponding  to  secondary  leakage  Hux,  ejsimpedance  of  secondary  load, 
each  impedance  being  expressed  as  a  complex  quantity  {^r-^-ix,  where  ij==— 1). 
If  €i  stand  for  the  primary  and  e^  for  the  secondary  P.D.  respectively,  then 
vc  have — 

^_ 5 

In  most  cases,  z  is  so  large  in  comparison  with  the  other  impedances,  that 
the  last  term  in  the  denominator  of  the  right-hand  fraction  may  be  neglected, 
and  we  mav  ^rite — 

ll__         22  (2) 

In  order  to  find  Cf/ei  for  any  given  load,  we  must  know  Zi,  Zi  and  23.  The 
latter  is  known  from  the  nature  of  the  load.  To  find  zi+Zi,  we  short  circuit 
the  2^  coil  through  an  ammeter,  and  measure  the  1*^  P.D.,  Ci,  required  to 

produce  a  current  it  in  the  short-circuited  secondary.    Then  Si-fcj^-:^.    Since 

the  sum  of  the  resistances  n+rj  is  known,  we  easily  find  the  sum  of  the 
reactances  1  (xi -^Xf),  so  that  gi -j-Zt  is  completely  determined.  Equation  (2)  then 
enables  us  to  find  the  drop  for  any  given  load.  A.  H. 

351.  Magnetic  Leakage  in  Transformers,  A.  Russell.  (Electrician,  42. 
pp.  567-M9,  dOd-604,  788-789,  and  828-824,  1899.)— In  this  series  of  four 
articles  the  author  develops  formulae  for  ascertaining  the  magnetic  leakage 
io  transformers  with  varying  loads.  The  author  points  out  the  importance  of 
incinding  magnetic  leakage  in  the  calculation  for  the  design  of  transformers, 
and  also  the  infiuence  of  magnetic  leakage  on  the  efficiency  of  transformers. 
The  common  method  of  estimating  this  leakage  by  subtracting  from  the  open 
circuit  secondary  voltage,  the  secondary  voltage  at  full  load  and  the  copper 
drop  is  not  satisfactory,  owing  to  the  small  differences  concerned.  The 
an^or  is  of  opinion  that  the  measurement  of  angle  of  lag  of  the  secondary 
csrent  behind  the  E.M.F.,  caused  by  the  driving  flux  in  the  core,  is  much 
Qfefol  in  determining  the  leakage.  This  angle  varies  with  the  shape  of 
BJf*F.  wanm,  and  is  proportional  to  the  current  in  the  secondaiy  coWs, 
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The  author  proceeds  to  give  a  vector  diagram  of  the  various  voltages  in  the 

primary  and  secondary  circuits  of  a  loaded  transformer,  and  deduces  from 

this  the  angle  of  lag  due  to  the  leakage  above  mentioned.     He  then  develops 

from  the  diagram  the  expressions  for  the  sine,  cosine,  and  tangent  of  the 

angle  of  lag  in  terms  of  the  angles  of  lag  in  the  primary  and  secondary 

circuits  and  the  currents  in  the  same.    One  development  of  these  formulas  is 

as  follows : — 

Wi  —  Wo 

cos  a  =:  — r 

«V,A, 

Where  a=:the  angle  of  lag  determining  the  leakage,  Wirrthe  watts  given  to 
the  primary.  Wo = the  watts  taken  by  the  transformer,  on  open  circuit,  «  = 
the  transforming  ratio  of  the  transformer  multiplied  by  a  constant,  Vi  =  the 
volts  applied  to  the  primary  and  As=:the  secondary  current.  The  author 
next  develops  expressions  for  determining  the  secondary  voltage,  and 
also  the  efficiency  of  a  leaky  transformer.  The  shape  of  the  wave  of  the 
applied  E.M.F.  is  important  because  it  determines  the  maximum  induction, 
and  hence  the  hysteresis  loss.  Curves  with  a  high  centre  of  gravity  generally 
produce  less  induction  in  the  core  than  cur\'es  whose  centre  of  gravity  is 
lower.  The  author  calls  attention  to  other  experimenters  in  this  field,  and 
particularly  to  Rocssler's  experiments.  The  figures  obtained  by  this  expert 
are  then  analysed  by  the  author  with  the  formulae  obtained  earlier  in  the 
articles.  Thus  with  one  transformer  supplied  by  a  Ganz  alternator  with 
pointed  curves  the  lag  due  to  leakage  was  found  to  be  2*1  degrees  per  ampere 
of  secondary  current.  With  the  same  transformer  supplied  by  a  Wechsler 
alternator  with  rounded  curves  the  angle  of  lag  was  only  11  degree  per 
ampere  of  secondary  current.  The  frequency  in  each  case  was  the  same. 
The  author  also  analyses  Fleming's  test  on  a  Swinburne  hedgehog  trans- 
former, where  the  leakage  was  naturally  very  much  greater.  R  W.  W. 

352.  Transformer  Economy.  F.  H.  Leonard,  Jr.  (Canad.  Elect.  News, 
9.  pp.  154-155,  July,  1899.) — A  good  summary  of  known  factors  influencing 
the  economy  of  transformers  in  practice.  Reasons  are  given  in  favour  of  the 
shell  type  as  against  the  core  type.  In  regard  to  the  ageing  of  transformer 
cores,  it  is  stated  that,  three  years  since,  one  of  the  largest  firms  in  the  States 
had  to  take  back  every  transformer  supplied  four  months  before  to  a  large 
central  station,  owing  to  the  rapid  increase  in  core  losses,  which,  in  some 
cases,  had  actually  doubled.  The  new  cores  supplied  showed  no  apparent 
ageing  after  nine  months.  Apparently  two  lots  of  iron  from  the  same  manu* 
facturers  may  exhibit  differences  of  10  or  20  per  cent,  in  the  core  loss  factor. 
Hence  the  importance  of  careful  tests  in  factories.  W.  E.  S, 

363.  Motor  Transformer  for  Charging  Small  Accumulators  for  Automobilts* 
A.  Soulier.  (Ind.  Elect.  8.  pp.  892-894,  September  10,  1899.)— A  small 
continuous-current  transformer  for  charging  the  cells  of  petrol-driven  auto* 
mobiles.  It  is  a  single-core  machine  weighing  only  9*6  kg.,  with  two  wind* 
ings,  one  receiving  current  at  110  volts  and  the  other  furnishing  low-pressure 
current  for  three,  four,  or  five  cells.  The  secondary  winding  consists  of  only 
one  bobbin,  so  that  the  current  supplied  is  practically  rectified  current ; 
this  variable  current  has,  however,  been  found  to  answer  well  enough  in 
practice.  E.  K.  S. 

354.  Starting  Device  for  Synchronous  Phase-Transformer,    (Elekt.  Rundt 
26,  p.  221,  July  1, 1899.)— The  arrangement  of  connections  (used  by  SqhucM 
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and  Co.)  is  shown  in  the  accompanying  sketch,  in  which  Li,  Lj  are  the  single- 
phase  supply  mains,  and  Mi,  Mt  three-phase  induction  motors  connected 
between  Li,  Lt,  and  a  supplementary  main  Ls,  which  receives  current  from 
the  windings  S|  of  the  phase  transformer.  The  latter  may  take  the  form  of  an 
ordinary  rotary  converter,  and  will  run  as  a  synchronous  motor  when  supplied 
with  sin^e-phase  current,  developing  the  phase-displaced  currents  required 
by  the  motors.  Two  methods  of  starting  the  phase  transformer  may  be  used. 
The  first  consists  in  producing  a  phase-displacement  between  the  currents  in 
S  and  those  in  Si  by  means  of  a  choking-coil  D,  so  as  to  obtain  a  rotating  field 


M 


in  the  armature ;  the  field  coils  T  being  short  circuited  the  transformer  will 
start.  But  since  it  could  never  be  brought  up  to  synchronous  speed  by  this 
method,  a  device  for  temporarily  halving  the  number  of  field-poles  is 
provided  ;  the  transformer  may  then  be  run  up  to  a  speed  above  synchronism, 
the  current  switched  off,  the  normal  field  connections  restored,  the  current 
«iwitched  on  at  synchronism,  and  the  field  excited.  In  order  to  prevent 
sparking  when  the  transformer  is  self -exciting,  a  steadying  secondary  battery 
Ls  used.  This  latter,  however,  also  provides  another  method  of  starting,  by 
enabling  the  transformer  to  be  run  up  to  synchronous  speed  as  a  simple 
continuous-current  motor.  A.  H. 


355.  Siudy  of  Rotary  Converter.  K.  Pichelmayer.  (Elektrotcchn. 
ZLschr.  20.  pp.  697-701,  October  5,  1899.)— The  paper  contains  a  number  of 
interesting  curves  showing  the  E.M.F.  and  current  waves  under  various  con- 
ditions of  working,  and  curves  showing  the  field  distribution.  AH  the  results 
given  were  obtained  experimentally.  A.  H. 

366.  Rectifiers,  L.  Kallir.  (Zeitschr.  Elektrotcchn.,  Wien.  17.  pp.  460- 
464,  September  8,  1899.) — The  author  describes  some  modifications  of  the 
Hutin  and  Leblanc  fanchahuteur  (see  1899,  Abstract  No.  505),  which  have 
certain  advantages  over  the  latter.  In  the  accompan3ring  figure,  which  is  a 
purely  diagranmiatic  representation  of  the  arrangement,  the  wavy  line  repre- 
sents the  secondary  winding  of  a  stationary  transformer.  The  winding  is 
divided  into  sections,  the  number  of  turns  in  a  section  varying  according  to 
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the  sine  law.  From  the  points  of  junction  of  consecutive  sections  con- 
nections are  established,  by  means  of  slip-rings  and  brushes,  with  the  seg- 
ments of  a  commutator,  after  the  manner  shown  in  the  sketch.  The  slip- 
rings  and  commutator  are  driven  at  the  speed  of  synchronism  by  means  of  a 
synchronous  motor.  If  the  supply  is  a  single-phase  one,  then  only  one  com- 
mutator will  be  required.  By  means  of  two  brushes,  B]  and  Bi,  placed  in 
such  a  position  that  when  the  secondary  E.M.F.  is  at  its  maximum  the  whole 
of  the  secondary  turns  are  in  circuit,  a  pulsating  uni-directional  current  may 
be  obtained  in  a  circuit  connected  across  the  brushes.    The  pulsations  may 


be  damped  by  means  of  a  choking- coil.  Such  an  arrangement  has  a  twofold 
advantage  over  a  fancliabiiteiir :  (1)  the  number  of  slip-rings  is  reduced  to 
one-halt,  (2)  Ihe  copper  loss  is  reduced  by  about  88  per  cent.  If  the  supply  is 
a  two-phase  one  two  commutators  will  be  required,  and  by  connecting  these 
in  series,  as  shown  in  the  figure,  an  absolutely  steady  continuous  P.D.  will  be 
obtained  between  the  mains  Mi  and  Mj.  I>astly,  the  same  arrangement  is 
applicable  to  a  three-phase  system,  hy  using  Scott's  method  of  coupling  the 
transformer  windings  so  as  to  pass  from  three  to  two  phases.  (Sec  1899, 
Abstract  No.  1090.)  A.  H. 
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Current  Distribution  in  Altcrnate'Currcnt  Networks.  C.  P.  Feldmann 
and  J.  Herzog.  (Elektrotcchii.  Ztschr.  20.  pp.  780-788,  November  9,  1899  ; 
read  before  the  7  Jahresversammlung  des  Vcrbandes  Deutschcr  Elektro- 
tcchniker  in  Hanover.) — ^Thc  principles  and  methods  governing  the  calculation 
of  current  distribution  in  continuous-current  networks  are  well  known.  In 
the  present  paper  the  author  extends  such  methods  to  the  case  of  alternating 
currents,  by  the  very  simple  and  elegant  device  of  supposing  the  currents 
which  are  drawn  off  at  the  various  points  of  the  network  split  up  into  their 
idle  and  load  components.  Two  diagrams  are  then  drawn  for  the  network, 
in  one  of  which  are  shown  the  idle  currents,  and  in  the  other  the  load 
currents.  The  problem  is  next  solved  separately  for  each  of  these  two  cases, 
the  idle  and  load  current  distributions  being  determined  by  the  ordinary 
methods  used  in  connection  with  continuous-current  networks.  Finally,  the 
two  solutions  are  superposed  (the  superposition  of  currents  being,  of  course, 
a  vectorial  one),  thus  giving  the  required  solution  of  the  problem.  A  numerical 
example  is  worked  out  by  way  of  illustration.  A.  H, 

363.  Calculation  of  Sizes  of  Distributing  Mains,  A.  Hecker.  (Deutsche 
Zcitschr.  Elektrotechn.  6.  pp.  162-165,  October  15,  and  178-176,  November  1, 
18W.) — The  author  considers  the  case  of  a  distributor,  simple  or  branched 
land  fed  from  one  end  only),  the  total  fall  of  potential  along  which  is  given. 
He  then  ^upposes  that  the  cross-sections  of  the  various  sections  of  the 
diitributor  are  varied  until  the  total  amount  of  copper  required  for  the  dis- 
tributor bccomcb  a  minimum,  and  deduces  formulae  for  the  drop  of  potential 
.ilong  each  section  of  the  distributor  when  the  conditions  of  (1)  given  total 
drop  and  '■2)  minimum  total  copper  are  satisfied.  A.  H. 

364.  I fjsulaiion  Difficulties  due  to  Capacity  of  Alternate  Current  Networks. 
H.  Leblanc.  (Eel.  Electr.  21.  pp.  81-94,  October  21,  and  172-180, 
^''J^-cmbe^  4,  1899.)— A  long  paper,  mainly  of  a  mathematical  character,  in 
which  the  difficulties  of  properly  insulating  networks  liable  to  disturbances 
'iiic  to  resonance  effects  aie  fully  discussed.  The  author  is  opposed  to  the 
jrc  ot  concentric  cables  as  being  particularlv  dangerous  in  this  respect. 

A.  H. 

365.  Current  Chart  for  Two  and  Three-Phase  Lines,  (Amer.  Electn.  11. 
pp.  392-393,  August,  1899.) — Two  charts,  constructed  by  S.  Q.  Hayes,  arc 
yven,  bai>ed  un  the  following  formulae  : — 

1.  VohsxAmps.x2xP.F.=K.  W.x  1,000. 

K  W 
'^  Volts x2xP.F.^'^"^^'*^*  ^^^  Hhasc-r  1,000  (two-phase). 

K  W 

^-  V-  iv  ^    /---.,;  X  Amps.~l,000  (three-phase). 
\oltsx  v/3xI>.F.  *     •    •       V  t         J 

W.  G.  R. 

366.  ProUdion  oj  Secondary  Circuits  from  Fire  Risks.  C  T.  Hutchinson. 
(Amer.  Instit  Elect.  Engin.,  Trans.  16.  pp.  427-487.  Discussion,  pp.  487-460. 
Xagasi  and  September,  1999,)— Jn  this  paper  the  question  of   prolectiu^ 
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secondary  circuits  from  the  dangerous  consequences  of  an  abnormal  potential 
in  these  circuits  caused,  e.g,^  by  the  failure  of  the  insulation  between  the 
primary  and  secondary  coils  oiF  transformers,  is  very  fully  discussed.  The 
author  strongly  advocates  grounding  the  secondary  permanently,  as  the  only 
sure  way  to  prevent  the  potential  above  earth  of  the  secondary  system  rising 
above  the  normal  potential  of  the  circuit. 

In  the  discussion,  £.  Thomson,  C.  M.  Goddard,  Steinmetz,  Bell, 
J.  I.  Ayer,  W.  Brophy,  Puffer,  C.  W.  Rice,  and  Kennelly  spoke  in 
favour  of  grounding  the  secondaries,  and  Goldsborough  against.  It  was 
resolved  inter  alia  that  the  Amer.  I.  E.  E.  should  officially  recommend  the 
National  Board  of  Fire  Underwriters  to  pass  a  rule  permitting  or  requiring 
the  permanent  grounding  of  one  wire  of  secondary  systems,  under  suitable 
restrictions.  C.  K.  F. 

367.  Distribution  of  Electricity,  C.  D.  Taite.  (Electrician,  48.  p.  871. 
Discussion,  p.  872,  July  7, 1899.  Paper  read  before  the  Municipal  Electrical 
Association.) — In  alternate-current  systems  isolated  transformers  are  being 
replaced  by  a  number  of  transformers  banked  in  substations  to  the  extent  of 
200  kilowatts  each.  Transformers  thus  connected  directly  in  parallel  fre- 
quently do  not  share  the  load  in  proportion  to  their  outputs,  and  are 
consequently  liable  to  overloading.  A  demand  indicator  should  be  connected 
in  circuit  with  each.  Disconnecting  boxes  should  be  employed  at  frequent 
inter\'als.  The  pillar-boxes  of  the  Southport  station  are  described.  The 
cost  of  making  service  connections  is  very  high,  amounting  to  JSll  or  JS12  per 
consumer.  This  is  analysed,  and  the  possibility  of  reducing  it  discussed. 
The  generating  expenses  of  electric  lighting  stations  have  almost  reached  a 
minimum,  and  cheapening  in  future  is  to  be  looked  for  in  the  reduction  of 
capital  and  standing  charges.    A  discussion  followed.  L.  B. 

868.  Electric  Transmission.  J.  Swinburne.  (Instit.  Civ.  Engin.,  Proc. 
188.  pp.  478-481,  October,  1899  (Abstract) ;  also  Engineer,  87.  p.  574.)—Thc 
author  considers  the  questions  of  the  copper  and  insulation  used  in  leads  for 
long  distance  transmission  of  energy.  Taking  the  same  maximum  voltage 
(10,000)  and  working  at  the  same  current  density,  the  author  gives  the 
following  comparative  table  for  the  power  transmitted  in  the  various  cases  : — 


Current. 


Direct 

Single  Alternating 
Double         „ 
Triple  „ 


1 

Output  in  Kilowatts. 

j 

Crsc  1. 

4000 
2824 
1650 
5000 

Case  2. 

Case  3 

2000 
1412 
1650 
2824 

2000 

1412 

1170 

2824 

Case  1  referring  to  systems  earthed  at  a  middle  point ;  Case  2  to  systems 
with  one  conductor  earthed  ;  and  Case  3  to  systems  where  the  difference   i 
between  no  two  conductors  exceeds  10,000  volts.  W.  G.  R.    ^ 

369.  Electrical  Transmission  and  Distribution,    H.  F.  Parshall.    (Instil 
Civ.  Engin.,  Proc.  188.  pp.  486-487,  October,  1899  (Abstract) ;  also  Engineer 
vol.  87.  p.  612.)— An  increase  in  the  pressure  of  overhead  lines  leads  directl^ 
to  economJcal  /r^/isinission,  so  far  as  concerns  the  cost  of  conductors  and  th 
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For  underground  cables  20,000  volts  may  be  taken  as  the  present 


i 


safe  limit 

A  number  of  small  substations  arc  commercially  more  economical  than 
the  same  number  of  complete  generating  stations,  because  they  occupy  less 
space,  and  are  free  from  objectionable  vibration  and  noise.  They  involve 
k>wcr  efficiency  in  transformation,  higher  first  cost,  and  heavier  charges  for 
attendance,  but  a  saving  is  effected  both  in  feeders  and  distributors,  and 
feeder  losses  are  smaller. 

With  rotary  converters  it  is  advantageous  to  connect  for  six-phase  trans- 
formation instead  of  three-phase.  Early  difficulties  with  the  rotary  converter 
have  been  largely  overcome  by  more  careful  design  both  in  the  converter 
itself  and  also  in  the  prime  mover,  in  which  the  production  of  a  constant 
angular  velocity  is  most  important.  £.  K.  S. 

370.  Uu  of  Batteries  and  Boosters.  P.  Girault.  (Ind.  Elect.  8.  pp.  213- 
216,  and  d68-a69,  August  25, 1899.)— The  author  states  that  every  continuous- 
current  central  station  for  the  distribution  of  electric  energy  should  use 
batteries  and  boosters,  since  their  use  tends  to  keep  the  load  on  the  genera- 
tors constant.  Series  boosters  run  at  constant  speed  and,  connected  to  the 
differeat  feeders,  keep  the  pressures  at  the  centres  of  distribution  equal  to 
that  at  the  station.  The  generators,  being  then  under  constant  load,  should 
be  simple  shunt  machines.  W.  G.  R- 

371-  Double  Current  Generators  for  Power  Transmission.  E.  Thomas. 
•  Electrician,  44.  pp.  190-191,  December  1,  1899.) — After  reviewing  the  points 
and  opinions  which  are  usually  taken  into  consideration  when  selecting  a 
»y>tem  of  distribution,  the  author  shows  where  double-current  generators  are 
likely  to  prove  most  useful,  viz.,  as  intermediaries  in  stations  where  both 
direct-current  and  alternating-current  plant  is  installed,  and  also  in  those 
?tationd  where  the  greater  part  of  the  load  is  of  one  class  only.  They  are 
iilso  the  most  economical  generators  suitable  for  a  long-distance,  lightly 
loaded  railway  fine,  the  direct-current  side  feeding  tlie  station  end  of  tlie  line 
and  the  distant  parts  being  fed  from  rotary  converters  in  substation  supplied 
from  the  alternate-current  bide. 

The  armature  reaction  and  the  number  of  poles  required  tend  to  reduce 
tht  cflficiency  of  working,  the  best  results  being  obtained  with  large  units  and 
ii  frequency  of  25  cycles  per  second.  E.  D.  F. 

372.  Electric  Mining  Plant.  (Elect.  World  and  Engineer,  84.  pp.  445-447, 
September  28, 1899.) — At  Santa  Rosalia,  Southern  California,  a  copper-smelting 
Torks  has  been  equipped  with  an  electrical  installation  consisting  of  four 
engine^  aggregating  1,500  H.P.  and  driving  three-phase  inductor  alternators. 
Condensing  w*ater  is  obtained  from  the  sea,  rain  being  almost  unknown. 
Power  is  transmitted  at  5,200  volts  to  the  copper  mines,  twelve  miles  distant, 
and  to  Santa  Rosalia,  where  it  is  transformed  down  to  380  volts  for  industrial 
purposes.  For  lighting  the  town  it  was  found  necessary  to  convert  to  direct 
corrent,  on  account  of  the  irregularities  of  pressure  caused  by  the  starting  of 
izidQCtion  motors.    Details  of  the  machinery  are  given,  with  illustrations. 

A.  H.  A. 

373.  Working  Costs  of  Isolated  Electrical  Installations.  P.  R.  Moses. 
(Aaer.  Instit.  Elect  Engin.,  Trans.  16.  pp.  825-847.  Discussion,  pp.  847-868» 
\mt  and  July,  1809.) — ^This  papep  deals  with  the  cost  of  electricity  in  typ\ca\ 
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of  these  works  is  given,  dealing  more  particularly  with  the  hydraulic  power 
supply. 

The  Kaweah  River  is  naturally  adapted  for  the  work  required  ;  a  natural 
granite  dam  forms  the  headworks,  and  the  lowest  mark  the  river  has  yet 
reached  will  supply  a  flow  far  in  excess  of  the  maximum  required  at  the 
works. 

The  pool  is  tapped  by  a  tunnel  through  rock,  and  from  this  starts  a  wooden 
flume,  30,000  feet  long,  with  a  fall  of  1  in  200,  3  feet  wide,  and  2  feet  deep. 
The  pipe  line,  3,300  feet  long,  has  a  fall  of  1,325  feet,  is  20  inches  diameter  at 
the  penstock,  reducing  gradually  to  19  inches  at  the  receiving  end,  is  made 
of  tap- welded  steel,  and  instead  of  the  usual  boiled  flange  joints,  has  one  end 
at  each  pip>e  length  belted  and  a  riveted  joint  made.  Details  are  given  of  the 
method  of  erecting  and  the  principles  embodied  in  the  design  of  the  hydraulic 
plant. 

The  generating  units  consist  'of  three  three-phase,  460  kw.,  440  volts 
\Ve>tiiighouse  alternators ;  the  water  motors  being  of  the  Pelton  type  of 
700  H.P.  each.  The  exciters  are  driven  by  belts  from  the  main  machines, 
the  author  having  found  that  in  works  working  with  high  heads  of  water  the 
Mnall  wheels  necessary'  to  drive  exciters  separately  are  not  to  be  relied  on. 
The  transmission-Hue  pressure  is  17,300  volts.  Five  substations  are  used,  and 
from  each  the  energy  is  distributed  at  2,000  volts  pressure.  An  apparatus 
iavented  by  Lacey  is  used  on  some  of  the  private  circuits.  It  consists  of  an 
clectroniagnetic  current  interrupter  which,  when  placed  in  series  with  the 
main  circuit  and  adjusted,  causes  the  lights  on  that  circuit  to  flicker  should 
the  number  allowed  be  exceeded.  When  the  excess  of  current  is  cut  off  then 
tht  interrupter  is  steadied  by  its  control,  which  can  be  adjusted  for  any 
earrent.  It  is  more  convenient  and  sensitive  than  fuses,  and  is  useful  for 
Ojr^  cu>tomers  who  pay  on  the  flat-rate  system.  E.  D.  P. 

376-  Gas-Driven  Traction  Power  Station.  (Amer.  Elcctn.  11.  pp.  206-208, 
l^j99  V — Thi>  is  an  example  of  the  successful  regulation  of  gas-engine  driven 
dynamo^  for  the  extreme  load  changes  on  a  small  electric  road.  The  trunk 
lino  of  the  Long  Island  Railroad  Company  do  not  run  close  along  the  shore. 
Tnc  Port  Jefferson  branch  line  follows  an  elevated  tableland,  and  the  nearest 
pijint  i>  about  two  miles  from  the  village  of   Huntington.      The  Railroad 
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L.jmpanv  bought  up  the  local  horse  railway  and  worked  it  electrically  as  a 
feeder  to  the  main  line.  This  single-track  line,  about  three  miles  in  length, 
'on.-  from  the  shore  to  the  village  of  Huntington,  and  rises  165  feet  to  the 
^tation  with  gradients  up  to  4^  per  cent.,  or  1  in  22. 

The  power  plant  at  the  shore  end  consists  of  two  Westinghouse  three-cylinder 
':^atx:al  gas  engines,  each  of  50  nominal  H.P.,  supplied  from  the  local  gas 
company.  The  regulation  of  speed  is  by  varying  the  amount  of  the  charge, 
of  the  hit-or-miss  method  of  governing.  Current  for  the  electric 
is  taken  from  the  500-volt  dynamos,  and  passed  through  20  incandes- 
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cent  lamps  connected  in  four  groups  of  five  lamps  each  in  series  (see  fig.) 
and  thence  to  the  spark  coil  and  igniters.  The  high  voltage  tends  to  keep  up 
an  arc  across  the  igniter  contacts  and  causes  "back  fire'*  in  the  mixing 
chambers  when  the  admission  ports  are  opened.  To  overcome  this  there  is 
a  shunt  around  the  spark  coil  and  igniters,  consisting  of  a  battery  of  three 
glass  tumblers  with  lead  strips  bent  over  and  dipping  into  dilute  sulphuric  acid. 
These  take  the  current  when  the  igniter  circuits  are  open,  reducing  the  voltage 
across  the  igniters  to  about  7  volts,  and  absorb  a  charge  which  is  given  out 
again  to  the  igniters  when  their  circuits  are  closed.  When  starting  the 
engines  the  igniters  are  supplied  by  a  battery  of  12  Edison- Lalande  primary 
cells. 

Each  gas  engine  is  belted  to  a  87^^  kw.  Westinghouse  four-pole  660-volt 
dynamo.  There  is  a  storage  battery  of  265  chloride  accumulators,  having 
a  maximum  discharge  rate  of  44  amperes  for  short  periods,  and  worked 
directly  in  parallel  with  the  dynamos  without  booster  or  end  cell  switch. 
The  compound  winding  reduces  the  voltage  of  the  dynamo  as  the  load  rises, 
so  that  tbe  battery  takes  the  greater  part  of  the  load  fluctuations. 

The  line  has  been  running  since  June  20,  1898,  with  one  car  in  winter  and 
three  open  cars  in  summer,  and  has  carried  6,000  passengers  in  a  single  day. 
The  ordinary  car  mileage  is  two  hundred  miles  per  day,  and  the  gas  con- 
sumption 46  cubic  feet  per  car  mile,  the  total  working  expenses  with  gas 
at  90  cents  per  1,000  cubic  feet,  and  including  the  wages  of  motor  men  and 
conductors,  being  13  [6id.]  cents  per  car  mile.  W.  R. 

377.  Kings  Lynn  Electricity  Supply  Works.  (Electrician,  48.  pp.  722-729, 
September  15,  1899.) — In  this  public  supply  station  producer  gas  is  generated 
and  utilised  to  drive  Otto  cycle  gas  engines  belted  to  continuous-current 
dynamos  which  supply,  through  a  regulating  battery  of  accumulators  and  a 
balancing  transformer,  current  at  2x200  volts  to  a  three-wire  distributing 
network. 

A  9  H. P.  vertical  boiler  generates  steam  at  80  lbs.  per  square  inch  for  four 
gas  generators.     The  steam  is  superheated  in  pipes  by  the  hot  gas  between 
the  producers  and  coolers.     Each  generator  makes,  from  Welsh  anthracite*   J 
13,000  cubic  feet  of  gas  per  hour  at  a  pressure  of  1*5  inch  of  water,  and 
having  a  calorific  value  of  145  British  thermal  units  per  cubic  fool.    The  gas, 
cooled  in  vertical  cast-iron  pipes,  passes  through  a  hydraulic  box  and  coke  • 
scrubber  provided  with  a  continuous  supply  of  water,  and  next  over  trays  of  j 
sawdust  and  chips  to  gasholders.     The  gas  engines,  of  Fielding  and  Piatt*  * 
work  on  the  Otto  cyc'e.     Each  engine  has  duplicate  ignition  tubes,  one  o£t 
which  is  connected  to  the  town  gas  mains.     To  start  the  engine  with  thoj 
piston  on  working  stroke,  gas  is  first  admitted  to  the   combustion   space,' 
and  the  mixture   escapes  by  an  outlet   near  the   flame  for  ignition   tube. 
When  the  colour  of  the  flame  indicates  that  only  gas  is  escjiping  the  outlet' 
is  closed,  the  supply  is  shut  off,  and  compressed  air  admitted  from  a  small' 
reservoir,  into  which  it  is  pumped  by  the  engine.     The  compressed  mixture' 
moves  the  piston  forward,  and  then  explosion  takes  place  and  the  engine  ii 
started. 

Each  engine  is  of  65  B.H.P.  and  drives  a  40  kw.  dynamo.  At  full  ioal 
the  consumption  is  not  to  exceed  85  cubic  feet  of  gas  per  hour  per  I.H.P^ 
and  for  this  not  more  than  1  lb.  of  anthracite  coal  is  to  be  used  per  hoil 
in  the  producers.  The  speed  is  regulated  on  the  hit-and-miss  plan,  and  thl 
fluctuation  of  volts  is  not  greater  than  1  per  cent,  at  full  load  and  2  per  cenl 
at  quarter  load,  and  the  speed  must  not  increase  5  per  cent,  when  hsilf  of  hi 
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load  is  thrown  oflE.  The  djmamos  are  two-pole,  overtype  shunt  machines, 
each  having  160  commutator  segments,  and  at  150  revolutions  per  minute  can 
develop  88  amperes  at  450  volts,  and  when  charging  batteries  80  amperes  at 
540  volts. 

The  battery,.  226  cells  of  the  chloride  R  17-plate  type,  has  capacity  of  400 
ampere  hours  for  10-hour  discharge  and  820  ampere  hours  for  4-hour  discharge 
down  to  1*85  volts  per  cell,  and  can  stand  150  amperes  for  short  periods.  The 
pressure  is  regulated  by  switching  cells  in  and  out ;  also  by  iron  resistance  in 
scries  with  the  feeders.  The  middle  wire  is  directly  earthed  at  the  station.  . 
Balancing  transformers  are  in  a  substation  in  the  centre  of  the  district,  about 
a  quarter  of  a  mile  from  the  generating  station.  The  two  balancers  are  two 
polar,  both  armatures  wound  on  the  same  drum  with  only  one  field  magnet. 
At  1 .250  revolutions  per  minute  a  balancing  current  of  50  amperes  is  generated 
in  cither  armature.  The  feeders  are  branched,  so  that  each  serves  two  feeding- 
points. 

A  special  reversing  junction-box  is  provided  at  every  fifty  yards  for  service 
connections  from  the  triple-concentric  distributors.  The  street  lighting  is  by 
both  incandescent  and  arc  lamps.  The  charge  for  light  is  5id.  per  B.T.U., 
and  for  power  8d.  per  unit.  W.  R. 

378.  Perth  {IV.A.)  EUciriciiy  Works.  (Elect.  Rev.  45.  pp.  927-928, 
December  8,  1899.) — ^Three-wire  direct-current  system  with  accumulators 
is  u^ed,  and  the  rapid  progress  of  electric  lighting  in  the  town  is  dealt  with. 
An  interesting  account  is  given  of  the  rapid  change-over  of  the  whole 
system,  both  on  the  distributing  network  and  in  the  station,  from  220  volts 
niaximuni  to  440  volts  maximum.  K.  D.  P. 

379.  Albion  Fewer  Company s  Water  Power  Transmission   Plant.    O.   E. 
Dunlap.     (Elect.  Rev.  45.  pp.  928-980,  December  8,  1899.)— Description  of 
the  works  of  the  Albion  Power  Company.    The  generating  station  at  Water- 
port  is  6i  miles  from  Albion.    A  dam  200  feet  long  and  12  feet  high  is  built 
across  the  Old  Orchard  Creek,  forming  a  large  reservoir,  by  setting  the  river 
back  for  three-quarters  of  a  mile.     The  available  fall  is  18  feet.     The  flume  is 
built  into  the  earth  bank,  and  consists  of  a  steel  framework  filled  in  with 
concrete  to  a  thickness  of  about  2  feet.   TwoMcCormack  wheels  are  installed, 
250  H.P-  and  175  H.P.,  each  driving  a  three-phase,  Stanley  inductor  type, 
alternator.     The  machines  are  designed  to  run  in  parallel  and  feed  the  trans- 
mt>:>ion   line  at  a  pressure  of  6,600  volts.    The  exciters  are  driven  by  bells 
from  the  main  generators.    The  overhead  line  consists  of  three  seven-stranded 
aiuminiuni  conductors,  supported  on  triple-petticoated  glass  insulators,  the 
roles  being  30  feet  high  and  100  feet  apart. 

The  pressure  is  transformed  down  to  1,100  volts  at  the  Albany  substation, 
which  contains  a  75  H.P.  inductor  alternator  of  similar  type  to  those  at 
Waterport.  This  is  provided  with  an  exciter  and  also  a  three-phase  starting 
lootor  of  5  H.P.  to  bring  it  up  to  speed,  when  it  is  run  off  the  1,100-volt  mains 
as  a  motor  to  drive  a  Brush  arc  machine  for  street  lighting.  At  this  sub- 
station there  is  also  installed  a  steam-driven  plant  as  a  reserve,  having  a 
itv  equal  to  that  of  the  works  at  Waterport.  The  town  circuits  are 
'  into  three  sets,  each  being  fed  by  one  leg  of  the  three-phase  system, 
to  110  volts.  A  three-phase  line  is  also  run  round  the  outskirts 
of  the  town  to  provide  Ught  and  power.  K.  D.  P. 

Blackpool  Trams.  (Elect.  Rev.  45.  pp.  859-868,  September  1, 1899.Y— 
ol  the  streets  is  avoided  by  using  short  bracket  arms  and  \ot 
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(20-foot)  trolley  poles  with  special  springs.  Two  Parson's  turbines  supply 
400  H.P.  at  600  volts,  each  turbine  driving  two  dynamos  at  250  volts  coupled 
in  series.  Quin's  maximum  and  minimum  cut-outs  disconnect  each  section  of 
wire  (1)  in  case  of  a  short  circuit,  and  (2)  in  case  a  trolley  wire  is  broken,  by 
means  of  shunt  and  series  coils  acting  in  opposition.  Askham  and  Wilsons 
made  the  points  and  crossings,  Lowdon  and  Co.  the  152  poles  of  mild  steel, 
which  are  butt-welded,  28  feet  long,  8  inches  outside  diameter  at  the  foot, 
5  inches  at  the  point,  and  tV  inch  thick.  They  are  slipped  into  a  cast 
iron  plinth  (by  McFarlane)  and  traversed  by  the  cross-arm  tube,  2  inches 
outside  diameter  and  ^  inch  thick,  which  supports  a  000  copper  wire  having 
28  tons  per  square  inch  tensile  strength.  The  cars,  by  Milne  and  Co.,  carry 
86  passengers.  M.  O'G. 

381.  Electric  Railway  Systems  of  Quebec.  (Street  Rly.  Journ.  15.  pp. 
495-502,  August,  1899.)— The  city  of  Quebec  is  so  hilly  that  it  was  found 
impossible  for  the  electric  cars  to  ascend  some  of  the  streets.  To  overcome 
this  difficulty  a  trestle  was  adopted,  which  ascends  the  first  portion  of  the  hill 
obliquely  with  a  grade  of  7  per  cent.  On  reaching  a  certain  point,  where  the 
trestle  meets  one  of  the  cross-roads,  a  curve  was  located  on  a  level  section  on 
the  trestle,  after  which  the  grade  is  11  per  cent,  for  800  feet,  then  4  per  cent, 
till  the  Upper  Town  is  finally  reached. 

Owing  to  the  heavy  snowfalls  in  this  region  it  is  necessary  to  employ 
sweepers,  levelling  ploughs,  and  box  sleighs.  The  total  equipment  for 
the  disposal  of  snow  consists  of  six  sweepers,  each  equipped  with  two 
80  H.P.  traction  motors,  and  another  motor  of  the  same  type  placed  in  the 
cab  for  revolving  the  brooms,  several  horse-drawn  levellers,  and  numerous 
box  sleighs. 

The  brakes  employed  on  the  cars  consist  of  ordinary  brake  shoes  made  of 
specially  soft  cast  iron,  with  the  flanges  perforated  to  permit  the  mud  to  per- 
colate freely,  and  provided  with  a  brake  leverage  of  10  to  1.  Under  these 
conditions  skidding  is  very  uncommon.  The  wheels  are  88  inches  in  diameter. 
The  brake  shoes  have  an  average  life  of  three  months.  The  average  number 
of  wheels  worn  flat  is  only  14  per  cent,  of  the  total  number  of  worn-out 
wheels,  and  these  are  mostly  due  to  a  slippery  track  in  winter.  A  test  was 
made  recently  to  ascertain  the  current  consumption  in  ascending  the  heavier 
grade,  one  of  1415  per  cent.,  90  feet  long,  with  a  40-foot  radius  curve  on  the 
summit,  half  of  which  is  on  the  hill.  Under  the  most  favourable  summer 
conditions  the  maximum  current  drawn  by  the  two  motors  during  the  ascent 
until  the  curve  was  reached  was  65  ;imperes  at  520  volts  ;  then  after  being 
switched  off  on  reaching  the  curve  and  again  thrown  on,  the  maximum  reading 
was  130  amperes,  still  at  520  volts,  for  it  is  customary  to  throw  the  power  com- 
pletely off  the  moment  the  car  enters  the  curve,  and  as  the  car  commences 
to  lose  momentum  the  power  is  thrown  on  again.  The  average  speed  of  the 
car  was  4*5  miles  per  hour,  and  the  estimated  weight  9  tons.  Under  average 
winter  conditions  the  current  consumption  rises  to  nearly  100  amperes  on  the 
grade  and  to  about  195  amperes  on  rounding  the  curve. 

In  descending  all  heavy  grades  the  motor-men  are  obliged  to  come  to  a 
standstill  at  the  top  to  ascertain  if  the  brakes  are  in  good  working  order, 
after  which  the  speed  downhill  must  not  exceed  four  miles  per  hour,  so  that 
a  stop  may  be  made  if  necessary  on  the  hill.  As  all  the  excessively  steep 
grades  are  short,  the  time  lost  in  going  slow  is  very  small. 

The  average  power  consumed  in  summer,  as  obtained  by  the  integratiiui  j 
wattmeter  in  the  stsiMoviy  is  8*8  kw.  per  car  per  hour,  the  average  for  th 
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whole  year  being  about  9*5  kw.  per  car  per  hour.  The  average  mileage  per  car 
per  day  is  106. 

The  trolley  wheel  is  of  soft  brass,  4J  inches  in  diameter,  and  as  it  is  care- 
fully greased  every  day  it  seldom  leaves  the  trolley. 

Its  average  life  is  10,000  miles,  or  about  95  days.  Commutators  run  25,000 
miles  before  being  sent  to  the  lathe.  The  greatest  wear  on  the  commutator 
has  been  a  decrease  of  -rV  inch  in  the  diameter  ;  the  average  has  been  i  inch. 
The  brushes  used  are  of  the  Le  Valley  Vitae  manufacture.  L.  J.  S. 

382.  EUciric  Tramway  in  Batavia.  H.  Lippegaus.  (Elektrotechn. 
Ztschr.  20.  pp.  142-U7,  October  26,  1899.)— A  description  of  the  first  electric 
tramway  to  be  established  in  the  Dutch  possessions  of  the  Malay  Archipelago. 

In  order  to  guard  against  injury  to  this  power  station  from  the  slight  earth- 
quake shocks  which  are  prevalent,  the  foundations  are  strengthened  throughout 
by  a  framework  of  wrought-iron  girders. 

The  boilers,  three  in  number,  are  of  the  double  drum  type,  each  7  feet 
diameter,  the  upper  drum  19}  feet  and  the  lower  drum  28  feet  long.  With  a 
heating  siuiace  of  1,070  square  feet  and  Australian  coal,  the  normal  evapo- 
rating capacity  is  3,900  lbs.  per  hour.  The  furnaces  arc  so  arranged  that 
petroleum  waste  may  be  burnt  instead  of  coal. 

The  three  engines  are  of  the  Mcintosh  and  Seymour  horizontal  tandem 
compound  type,  each  150  H.P.  at  285  revolutions  per  minute.  The  dynamos 
are  j>ix-p>ole  machines  by  the  Union  Elektricitats-Gesellschaft,  Berlin,  econo- 
mizer by  Green,  Worthington  pumps,  &c. 

These  lines  (gauge  1.18  metres,  and  of  lengths  5  miles,  8  miles,  f  mile)  are 
laid  to  one  side  of  the  public  roads,  the  rails  resting  on  sleepers  of  Dj^atti 
wood,  an  Indian  oak  which  resists  the  attacks  of  the  white  ant.  There  are 
eight  feeders.  The  rails  arc  used  as  return,  being  copper  bonds  0*16  square 
inch  area. 

[A  description,  more  liberally  illustrated,  appears  in  the  Electrical 
Engineer  for  November  17th  and  24th  and  December  8,  1899.]       E.  K.  S. 

383.  Coblenz  Electric   Tramway  Station,     (Pllektrotechn.  Ztschr.  20.   pp. 
«:i5-«37,  September  7, 1899.)~A  station  laid  down  by  the  Union  Elektricitats- 
Gtrsellschaft,  of   Berlin.    The  generating  plant  consists  of  [a)  two  direct- 
current  150  kw.  six-pole  dynamos,  giving  current  to  the  trolley  line  direct 
at  500  volts,  and  (b)  two  three-phase  alternators  generating  current  at  2,080 
volts  for  the  substations.     All  the  machines  are  direct  coupled  and  run  at 
150  revolutions  per  minute,  there  being  three  engines,  one  with  a  dynamo,  one 
with  an  alternator,  and  the  third  having  both  a  dynamo  and  alternator  coupled 
;it  cither  end  of  the  crank  shaft.    There  are  two  sets  of  accumulators — one 
;i  ba£fer  battery  consisting  of  275  cells  connected  to  the  trolley  wires,  and 
the  other  having  65  cells,  being  in  the  exciting  circuit  of  the  alternators. 
Three  motor  transformers  are  provided,  (a)  to   enables  the   alternator  -to 
deliver  current  to  the  station  end  of  the   lines,  and   (6)  for  charging  the 
exciting  cells  or  exciting  direct  from  the  direct-current  dynamos.    The  whole 
plant  is  well  and  simply  arranged.  E.  K.  S. 


L  Reichenberger  Tramway,  M.  U.  Schoop.  (Zeitschr.  Elektrotechn. 
\Vien.  17.  pp.  467-478,  September  10,  1899.) — A  description  of  a  tramway  in 
which  great  use  is  made  of  buffer  batteries.  The  accumulator  cells  are  by 
G.  Hageo,  and  curves  are  given  in  the  article  showing  the  advantages  of  lV\*i 
of  workiiig  in  getting  over  the  peaks  of  the  load  curves  and  iot 
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regulation.    Particulars  of  two  tests  of  the  generating  plant  are  given  as 
follows  : — 

Test  of  two  Lancashire  boilers ;  steam  pressure,  8  atmospheres ;  two 
horizontal  compound  condensing  engines  (Breitfeld,  Danek  and  Co.),  and  two 
eight-pole,  belt-driven  dynamos  (Schukert  and  Co.). 

Normal  load.       Overload. 

Duration  of  test  in  hours  , 7  8 

Total  water  evaporated kg.  8,488  12,420 

Used  in  boiler-house kg.     114  114 

Used  in  engine-house    kg.      95  80 

Balance kg.  8,279        12,226 

Indicated  H.P.  of  engine 1528  1922 

Steam  used  per  indicated  H.P.  hour kg.      7*74  7'95 

Electrical  H.P.  on  dynamo  pulley 128*35  1664 

Brake  H.P.  of  engine ! 132*2  171*4 

Efficiency  of  dynamos  90%  91% 

Loss  in  belt  drive  ; 3%  3% 

Efficiency  of  engine  86*5%  89*2% 

Revolutions  per  minute 126  125 

Heating  surface  of  boilers 80  sq.  metres. 

Grate  area  of  boilers  1*65  sq.  metres. 

Water  evaporated  per  square  metre  of  heating  surface 

per  hour    kg.    15*2  19*4 

Coal  burnt  per  hour   kg.  162  227 

Coal  used  per  square  metre  of  grate  area  per  hour kg.    98*3        137*8 

lit,  K.  S. 

386.  Accumulaior  Traction  {Louvres  io  VinccnncSy  Paris).  A.  Monmerqu^. 
(Elcctricien,   18.   pp.   104-108,  August   12,   1899.     Extract  from  the  Revue 
Generale  des  Chemins  de  fer.) — Gradients  and  details  of  this  scheme,  which 
is  already  commenced,  are  given.     Power  up  to  2,000  kw.  is  provided  for,  the 
present  installation  of  1,600  kw.  being  divided  into  five   sets,  three  direct 
coupled  dynamos  with  horizontal  engines  at  70  revolutions  per  minute  and  two 
dynamos  coupled  to  a  Laval  turbine — the  latter  being  used  on  account  of 
the  great  rapidity  with  which  it  can  be  started  up.    Circulating  and  air  pumps 
for  condensers  arc  electrically  driven  and  take  6  per  cent,  of  the  output.    The 
voltage  of  the  direct  coupled  sets  can  be  varied  by  the  field  alone  from  540  to 
680  volts.    The  armatures  are  gramme  rings  rotating  outside  an  eight-pole  field 
— the  periphery  constitutes  the  commutator.  The  Laval  turbine  drives,  through 
a  bronze  gear-wheel  and  pinion,  a  dynamo  which  has  two  armatures  coupled 
in  series.    The  set  yields  200  kw.    The  gear  is  in  a  grease-tight  wrought- 
iron  case.     The  boosters  for  accumulator  charging,  &c.,  are  40  kw.  series    " 
dynamos  driven  by  shunt  motors  taking  current  from  the  main  board ;  they    * 
are  four  in  number,  one  on  the  positive  and  one  on  the  negative  pole  of  the 
two  pairs  of  feeders.     Eighty-five  cars  having  fifty-two  scats  are  proposed.   ' 
The  motor  cars  weigh  18  tonnes,  trailers,  8*3  tonnes.     The  accumulators  are  , 
specially  ventilated  and  weigh  from  4,600  to  4,700  kgrs.    The  cells  will  be 
charged  in  fifteen  minutes,  and  their  energ}'  efficiency  will  not  be  less  than 
70  per  cent. ;  their  specific  gravity  capacity  is  to  be  6*2  watt  hours  per  kgr.  of  ^ 
plates,  i.r.,  8*9  watt  hours  per  kgr.  of  cell.    In  exceptional  circumstances  18*5  | 
ivatt  hours  may  be  required  on  the  Louvre- Vincennes  route.  M.  0*Q»| 
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386.  Electric  Transmission  between  Bozen,  Meran,  and  Nachbarote,  O.  v. 
Miller.  (Elektrotechn.  Ztschr.  20.  pp.  615-619,  August  81, 1899.)— Detailed 
description  of  an  important  three-phase  transmission  plant  laid  down  by 
Ganz  &  Co.  The  power  station  is  situated  6  kilometres  from  the  town  of 
Meran  (Austrian  Tyrol),  and  is  equipped  with  six  turbines  each  of  1,000  H.P., 
working  under  a  head  of  water  of  about  66  metres.  The  three-phase  alternators 
are  direct  driven  at  320  revolutions  per  minute,  and  each  is  fitted  with  a  four- 
pole  exciter.  Four  of  the  alternators  generate  current  at  8,600  volts,  and  two 
are  arranged  to  give  either  3,600  volts  or  10,000  volts,  the  latter  pressure  being 
required  for  the  long-distance  line  between  Meran  and  Bozen.  The  switch- 
board is  so  arranged  that  two  of  the  alternators  can  be  connected  on  to  the 
8,600  volt  'bus  bars  for  the  electric  lighting  of  Meran,  or  on  to  3,600  volt  special 

bus  bars  for  power  to  a  carbide  factory. 

The  disposition  and  lengths  of  lines  and  the  amount  of  energy  required 

for  lighting  and  power  is  as  follows  : — 

Three-phase  line  at  3,600  volts  for  Meran  and  Nachbarote. 
Three-phase  line  at  10,000  volts  for  Bozen  and  Zwischenork. 
Three-phase  line  at  3,600  volts  for  the  electrochemical  factory. 

Area  of  each  of  the  three  conductors  to  Meran  6*5  square  mm.,  and  to 
Bozen  6  squiu-c  mm. 

Total  length  of  main  transmission  line,  39  kilometres. 

Total  length  of  overhead  distributing  cables,  30*4  kilometres. 

Total  length  of  underground  cables,  882  kilometres. 

Street  lighting,  83  arcs,  770  incandescents. 
Private  lighting,  21  arcs,  24,500  incandescents. 
Motors,  45  H.P. 
Electroclicniiciil  factory,  2.000  H.P. 

.\  very  clear  diagram  of  connections  of  the  power-house  main  switch- 
board is  given,  and  the  plan  and  elevation  of  the  station  indicate  the  ample 
>pace  which  is  provided  behind  the  board  for  the  extra  high  tension  switches 
and  bus  bars,  Siemens-Halske  horn  lightning  arresters,  &c. 

Three  cross-sections  are  given  of  the  transformer  substation  at  Gries,  near 
Bozen,  where  the  pressure  is  reduced  from  10,000  to  3,000  volts,  and  six 
cTos?s-sections  of  a  street  switch  pillar. 

The  charge  for  light  has  been  tixed  at  7  florins  (lis.)  per  16  c.p.  lamp  per 
annum,  and  for  motors  at  50  florins  (£4)  per  H.P.  per  annum. 

llr.     K.    S. 

387.  Cost  of  Electric  Traction.  G.  C.  Cuningham.  (Instit.  Civ. 
Engin.,  Proc.  138.  pp.  485-486,  October,  1899  (Abstract);  also  Engineer, 
vol.  87,  p.  611.) — The  cost  of  horse  traction  may  be  taken  as  varying  from 
3}d.  per  car  mile  in  towns  with  easy  gradients,  to  5d.  in  hilly  towns.  In 
overhead  electric  traction,  with  economical  engines  and  boilers,  the  cost  of 
wages,  fuel,  water,  oil,  &c.,  in  the  power  house,  together  with  maintenance 
and  repairs  of  the  machinery,  should  be  less  than  Jd.  per  car  mile  in  level 
towns  and  but  little  more  than  id.  in  towns  with  steep  gradients.  On  the 
Montreal  Klectric  Street  I^ilway,  for  example,  with  coal  at  9s.  per  ton,  the 
cost  of  producing  current  is  a  little  under  \d.  per  kilowatt  hour,  and  the 
cost  per  car  mile  less  than  ^.  in  the  open  months  of  the  year.  The  coal 
consumption  is  8*48  lbs.   per  kilowatt   hour,  or  2*60   lbs.  per   E.H.P.  hour 
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during  several  months ;  while  the  average  for  a  whole  year  is  only  2'76  lbs. 
per  E.H.P.  hour. 

The  whole  cost  of  working  a  large  electric  tramway  should  be  well  under 
6d.  per  car  mile,  but  this  result  can  only  be  obtained  where  the  cost  of 
the  current  at  the  generating  station  is  cut  down  to  a  minimum  by  the  use  of 
engines  and  boilers  which  do  their  work  with  a  low  consumption  of  fuel.  It 
is,  in  fact,  upon  the  construction  and  economical  working  of  the  machinery 
in  the  power  house  that  commercial  success  depends.  E.  K.  S. 

388.  Comparative  Costs  of  Cable  Electric  and  Horse  Traction  in  New  York, 
(Street  Rly.  Journ.  15.  pp.  679-580,  September,  1899.)— In  Abstract  No.  524 
(1899)  was  given  the  comparative  results  of  the  expenses  and  receipts  of  the 
cable  lines,  the  electric  (underground  conduit)  lines  and  the  horse  railway 
lines  of  the  Metropolitan  Street  Railway  Company  of  New  York  City.  The 
present  article  gives  in  comparison  with  these  figures  those  of  the  corre- 
sponding financial  year  just  ended.  The  comparison  is  the  more  valuable, 
inasmuch  as  the  track  mileage  of  the  system  is  the  same  this  year  as  last,  the 
results  not  being  complicated  by  the  purchase  of  new  lines  or  the  building  of 
extensions. 

In  the  last  year  the  Company  ran  its  cars  over  the  same  track  nearly 
42  million  miles  as  against  85  million  miles  in  the  previous  year,  the  new 
cars  being,  moreover,  nearly  double  the  capacity  of  the  old.  The  passenger 
receipts  jumped  nearly  25  per  cent,  as  a  consequence,  whiJe  the  receipts  per 
car  mile  were  actually  increased  from  29*7  cents  to  80'7  cents,  or  8  per  cent. 
The  trafi&c  of  the  cable  lines  fell  off  about  10  per  cent.,  and  of  the  horse  lines 
about  80  per  cent.,  while  the  electric  lines  carried  three  times  as  many 
passengers  in  1899  as  in  1898,  and  their  receipts  per  car  mile  increased  from 
26-99  cents  to  31-28  cents. 

The  percentage  of  operating  expenses  to  passenger  receipts  of  the  three 
motive  powers  compare  as  follows  : — 

189a  1899. 

Per  cent.     Per  cent. 

Cable 47-8  508 

Electric  879  38-8 

Horse 653  698 

Total  53-3  494 

A  general  financial  statement  in  tabular  form  accompanies  this  article, 
from  which  the  following  has  been  obtained  : — 

Receipts  from  all  sources- $11,076,021  18,525,524 

All  operating  expenses  $5,620,484  6,408,711 

Earnings  from  operation  $5,455,587  7,116,818 

Per  cent,  operating  expenses  to  total  receipts        50-7  47*4 

Fixed  charges $8,609,966  4,477,757 

Dividends  paid $1,500,000  2,471,675 

Surplus  over  dividends  $845,570         167,881 

L.  J.  S. 

389.  Railway  Power  Distribution  over  JAirge  Areas.    A.  H.  Armstroilf. 
(Street  Rly.  Rev.  9.  pp.  579-580,  September  15,  1899.}— A  paper  read  before ; 
the  Street  Railway  Association  at  New  York,  and  descriptive  of  the  power  i> 
supply  to  the  various  electric  street  railways  operating  in  and  around  Bufifalo^) 

F*or  such  a  heavy  load  and  extended  area  a  single  generating  station  wtt| 
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not  looked  apon  as  desirable  on  account  of  the  great  expense  of  the  feeders  ; 
whibt  the  employment  of  boosters  as  a  permanent  means  of  replacing  feeder 
copper  where  heavy  overloads  may  be  of  long  duration  is  also  very  objection- 
able. Overloads  of  short  duration,  especially  if  they  are  local,  can  very  well 
be  taken  care  of  by  boosters,  but  the  cost  of  the  energy  lost  in  boosting  long 
daily  overloads  would  be  very  considerable. 

Ha\-ing  two  separate  generating  stations  reduces  the  feeder  copper,  but  the 
hr^t  cost  and  cost  of  operating  two  stations  is  greater  than  that  of  operating 
a  single  station  of  the  combined  capacity  of  the  two. 

The  third  method  by  rotatory  converter  substations  was  therefore  adopted 
because  it  permits  substations  to  be  located  wherever  there  is  the  greatest 
demand  for  power.  The  small  section  high  pressure  transmission  line  can 
ht  carried  underground  to  any  locality,  and  as  the  station  itself  requires  no 
boilers  or  engines  it  may  be  located  in  busy  neighbourhoods.  The  largest 
congestion  of  cars,  and  hence  the  largest  demand  for  power,  exists  in  the 
business  districts,  and  it  is  owing  to  the  possibility  of  placing  machines  close 
to  the  powers  of  greatest  demand  that  makes  the  substation  system  especially 
adapted  to  the  operation  of  large  street  raihvay  systems. 

The  labour  charge  is  higher,  but  it  is  pointed  out  in  the  paper  that  the 
number  of  attendants  need  be  only  two  for  a  substation  of  a  capacity  of  say 
1.20O  kilowatts.  It  is  now  proposed  to  shut  down  the  present  power  house 
and  keep  it  as  a  reserve  ;  the  whole  of  the  system  of  the  International  Traction 
Company  in  Buffalo*,  Niagara  Falls,  Tonawanda,  and  Lck:kport  being  then 
driven  from  rotary  converters  fed  by  the  Niagara  Falls  power.  There  arc  to 
he  'iix  substations  as  under  : — 


Maxinuim 

Converter 

ntimate 

Suhstatioii. 

Output. 

Installed. 

Caj>acity, 

No.  1 

760  kw. 

800  kw. 

1,200  kw 

.,    2 

870    „ 

800    „ 

1,200    „ 

..    3 

1,230    ., 

1.200    .. 

1,600    „ 

,.    4 

870    ., 

800    .. 

1,200    „ 

M           •'> 

890    .. 

800    „ 

1,200    „ 

..    6 

1,600    „ 

1.600    ,. 

1.600    „ 

6,220  kw.  6,000  kw.  8.000  kw. 

The  maximum  output  is  for  the  winter  months  when  car-heaters  arc  in 
constant   use. 

The  <tcp-down  transformers  in  the  various  substations  take  three-phase 
cjrrL-nt  at  10,jOO  volts,  and  reduce  it  down  to  375  volts,  which  corresponds  to 
600  volts  direct  current  on  the  commutator  of  the  rotatory  converter.  The 
rnmafomiers  are  connected  in  delta,  so  that  the  disabling  of  one  transformer 
frf  a  sf^X  does  not  throw  the  converter  out  of  service.  Direct  current-blower 
?tt>  are  provided  in  duplicate,  and  feed  into  a  common  air  chamber  from 
which  individual  transformers,  &c.,  draw  their  supply.  Artificial  reactance 
In  introduced  between  the  transformers  and  converters  to  enable  the  latter  to 
regulate  u-ith  varying  loads.  A  special  starting  set  consisting  of  an  induction 
motor  coupled  to  a  dynamo  has  been  installed  in  two  of  the  substations,  which 
permits  the  starting  of  the  converters  from  the  direct  current  end,  and  ensures 
bringing  them  into  $>'nchronism  in  a  minimum  of  time  with  the  right  polarity. 
The  converters  in  adjacent  substations  can  then  be  started  from  the  direct 
CBrreot  feeder  system.  E.  K.  S* 
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390.  Buffer  Batteries  for  Electric  Traction.  L.  Gebhard.  (Zeitschr. 
Elektrotechn.,  Wien.  17.  pp.  418-428,  July  80,  and  429-488,  August  6,  1899.)— 
This  is  a  paper  read  before  the  Elektrotechnischer  Verein,  Wien.  In  design- 
ing traction  stations  it  has  been  usual  to  make  the  dynamos  large  enough  to 
take  the  maximum  loads  allowing  a  suitable  stand-by,  and  to  use  a  battery 
merely  to  regulate  the  voltage  and  supply  the  light  load  when  the  plant  is 
shut  down.  It  is  then  an  extra  capital  charge,  and  is  therefore  made 
as  small  as  possible.  The  true  use  of  the  battery  is  rather  to  allow  the  plant 
installed  to  be  reduced  till  it  is  just  sufficient  to  take  the  average  load,  relying 
on  the  battery  to  supply  the  additional  demand  and  to  act  as  the  necessary 
stand-by,  thus  keeping  the  load  factor  at  100  per  cent.,  and  effecting  a  large 
saving  both  in  capital  outlay  and  in  generating  expenses.  A  specimen 
traction-load  curve  taken  from  the  Remscheidt  station  is  given.  In  large 
stations  the  advantage  of  a  buffer  battery  is  not  so  marked  owing  to  the  more 
ev2n  load  curve  demanded.  In  Hamburg,  for  instance,  with  an  average  load 
of  2,000  amperes,  the  maximum  momentary  output  reaches  only  2,400,  which 
could  easily  be  obtained  as  an  overload  from  a  2,000  ampere  plant.  But  even 
here  the  avoidance  of  sudden  shocks  on  the  generators  is  very  advantageous, 
and  a  battery  with  a  capacity  of  1,600  amperes  for  one  hour  has  been 
installed.  In  Leipzig,  in  spite  of  the  large  output,  a  saving  of  80  per  cent, 
was  effected  in  the  generating  expenses  by  the  installation  of  a  battery  of 
similar  capacity.  A  graphic  method  is  described  for  determining  the  periodic 
variations  in  the  load  curve,  and  thence  the  average  load,  from  the  profile  of 
the  line  and  the  schedule  of  the  service  of  cars.  To  determine  the  H.P. 
required  by  a  car  at  any  moment  the  following  formula  is  given  : — 

6a,.Kl-25/*.f  S) 
H.P.=:  p. 

Where  ^,  S  and  E  are  the  traction  coefficient,  the  gradient  and  the  efficiency 
of  the  motors  and  gear,  all  expressed  as  percentages,  tc  the  weight  of  the  car 
in  tons,  and  7'  the  speed  in  miles  per  liour.  The  coefficient  1*25  is  introduced 
to  cover  variations  in  the  condition  of  the  track,  losses  in  the  starting  and 
regulating  resistances.  Sec.  The  traction  coefficient  /i  may  usually  be  taken 
as  1'2  per  cent. 

From   tliis  graphic   solution   the  following  rule  is  demonstrated  :    The    . 
average  power  required  for  all  the  cars  on  a  given  track  can  be  found  by   s 
dividing  the  work  required  to  prQ|>el  one  car  for  the  double  journey  by  the 
scheduled  time  in  seconds  between  the  cars.    And  this  is  the  maximum  out-  ^ 
put  required  from  the  dynamos  if  an  efficient  buffer  battery  is  employed.     It  j 
should  be  large  enough  to  supply  this  average  load  itself  for  one  hour,  and.' 
its  internal  resistance,  which  depends  largely  on  its  capacity,  should  be  small  ; 
enough  to  keep  the  voltage  from  falling  too  low  on  a  momentary  rush  of 
cunent.    The  drop  of  voltage  owing  to  the  battery  resistance  should  not  be 
more  than  5  per  cent,  when  giving  an  extra  output  equal  to  the  average  out-  : 
put  of  the  plant.     These  conditions  determine  the  size  of  battery  required. 

For  ail  gradients  less  in  magnitude  than  the  traction  coefficient  the  powOTj 
used  in  going  up  is  saved  in  the  descent  on  the  return  journey.  Hence  tho.^ 
calculation  of  the  average  power  required  can  be  simpliiied  without  redudng^ 
its  accuracy  by  neglecting  all  such  gradients.  The  loss  of  power  in  thtf 
starting  and  regulating  resistances  is  not  taken  into  account  in  the  abow 
formula.  But  such  losses  are  amply  covered  by  the  25  per  cent,  allowance  iH 
the  traction  coefficient,  particularly  if  the  stopping-places  are  sufficieol^ 
dehniit  to  avoid  frequent  unnecessary  use  of  the  brake.  '^ 
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Details  are  given  (p.  429)  of  the  capital  and  working  expenses  estimated 
for  a  four-mile  tramway  between  Haspe  and  Gevelsberg,  in  Westphalia, 
showing  the  great  economy  attained  by  the  use  of  a  large  battery.  L.  B. 

301.  Stationary  Accumulators  for  Traction   Work,    G.  Brandt.     (Elek- 
trocechn.  Ztschr.  20.  pp.  780-782,  October  19,  1899.)— In  order  to  arrive  at 
some  reliable  experimental  data  regarding  the  action  of  accumulators  as 
regulating  devices  in  traction  plants,  the  author  carried  out  a  number  of 
tests  for  Siemens  and  Halske.     In  considering  the  action  of  a  secondary 
battery  the  author  introduces  the  term   characteristic  resistance,  which   he 
defines  as  the  ratio  of  the  difference  between  the  E.M.F.  and  P.D.  to  the 
current  (the  E.M.F.  considered  being  the  steady  E.M.F.  which  the  battery 
reaches  some  time  after  breaking  the   circuit,  and   not  the  instantaneous 
E.M.F.  immediately  after  the  break).    This  quantity  is  variable,  and  it  is  a 
oiatter  of  great  importance  to  find  what  factors  determine  its  value.    The 
author's  experiments  show  that  the  characteristic  resistance  of  a  battery  is 
independent  of  the  current,  but  that  it  depends  on  the  time  during  which  that 
cnrrcnt  has  been  allowed  to  flow,  and  that  the  effect  of  a  momentary  pre- 
ceding charge  is  almost  entirely  wiped  out  during  the  first  minute  of  dis- 
charge.    The  main   benefit  resulting  from  the  employment  of  a  suitably 
chosen  battery  is  the  saving  of  fuel  consequent  on  the  fact  that  the  engines 
and  dynamos  are  kept  working  at  their  point  of  maximun  efficiency,  the 
fluctuations  of  load  being  taken  by  the  battery.     The  author's  experiments 
lead  him  to  the  conclusion  that  the  best  mean  E.M.F.  of  the  battery  depends 
vilely  on   the  type  of  battery  used,  and  not  on  the  particular  conditions  of 
working.    In  the  case  of  the  batteries  tested  by  the  author,  the  best  regulating 
effect  was  obtained  by  making  the  mean  E.M.F.  of  each  cell  2*07  volts.   From 
this  the  required  number  of  cells  may  be  at  once  determined.  A.  H. 


Energy-Economy  in  Electric  Traction.  M.  Bricard.  (Eel.  Elcctr. 
'20,  pp.  5-10,  July  8,  1899.) — The  author  considers  the  waste  of  energy  in 
braking  in  a  manner  similar  to  that  given  in  Abstract  No.  346  (1898).  Higli 
Accelerations  should  be  used. 

With  electric  vehicles  two  cases  arise  :  (1)  where  the  tractive  effort  is 
limited  by  adhesion  (as  on  rails),  (2)  where  the  adhesion  is  always  in  excess 
iS  on  roads >.  The  author  discusses  these  in  detail  and  concludes  that,  from 
ihc  point  of  view  of  energ>'  consumed,  the  tractive  effort  should  be  a 
Tnaximnm  and  the  acceleration  constant-  {i.e.,  constant  current,  obtained 
by  st2Ul]ng  with  a  large  resistance  in  series  and  gradually  cutting  it  out 
fc  the  speed  and  back  E.M.F.  rise),  but  considerations  of  plant  efiiciency 
Lead  largely  to  the  use  of  constant  (full)  voltage.  E.  H.  C.-H. 


i 


L  Combined  Single-Phase  Alternating  and  Continuous  Current  System 
}f  Working  Electric  Railways.  F.  Eichberg.  (Zeitschr.  Elektrotechn.,  Wien. 
17.  pp.  318-327,  June  14, 1899.) — Single-phase  alternating  current  is  picked  up 
from  the  trolley  line  and  led  to  a  single-phase  motor  on  the  car.  The  car 
also  carries  a  continuous  current  motor  and  a  set  of  accumulators  which 
can  be  brought  into  use  at  starting  up,  &c. 

The  paper  contains  particulars  of  tests  on  two  trains  fitted  in  this 
ray.  the  first  on  a  line  having  a  ma-ximum  and  mean  gradient  of  20  and 
l-S  per  cent,  respectively,  and  the  second  on  a  line  having*  gradients  5  and 
%  per  cent  respectively.  Diagrams  are  given  showing  how  the  alternating 
the  continuous  current  motor  may  be  comprised  in  one  single 

E.  IV*  o. 
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394.  Electric  Traction  Problems.  J.  Fekl.  (Zeitschr.  Elektrotechn.,  Wien. 
17.  pp.  486-440,  August  18,  and  p.  464,  September  8,  1899.)  —  The  author 
shows  how,  by  using  the  mechanical  characteristic  of  the  motor,  to  calculate 
the  current  taken  by  the  motors  for  a  given  load  and  gradient,  the  speed 
of  the  car,  the  ampere  hours  per  motor  and  car  mile  respectively,  the  mean 
total  current  and  power,  and  the  mean  drop  along  the  line.  A.  H. 

396.  Multiple  Unit  System  for  Electric  Railways.  F.  J.  Sprague. 
(Amer.  Instit.  Elect  Engin.,  Trans.  16.  pp.  211-249.  Discussion,  pp.  249-268, 
3899.) — A  paper  descriptive  of  the  multiple  unit  system  of  electric  traction 
(see  1898,  No.  344)  as  applied  to  the  South  Side  Elevated  Railway  of 
Chicago.  Each  unit  or  coach  of  the  train  is  equipped  with  its  own  motors 
and  controllers,  the  latter  being  actuated  by  means  of  small  pilot  motors 
which  are  in  turn  controlled  by  the  driver  in  the  leading  coach. 

Some  of  the  advantages  of  the  arrangement  are  :  — 

The  motor  equipment  is  directly  proportional  to  the  number  of  car  units. 

Each  car  being  lighted,  heated,  and  braked  independently  it  has  indepen- 
dent movement  in  yards,  car  houses,  or  on  the  tracks. 

Cars  can  be  added  to  or  taken  from  a  train  in  about  a  third  of  the  time  that 
is  possible  with  a  locomotive  system. 

The  fullest  use  can  be  made  of  sidings  and  tracks  for  storage  and  in- 
spection. 

The  hammering  of  rail  joints,  &c.,   is  diminished   because  of  the  less   = 
weight  per  driving  wheel. 

Increasing  the   number  of  motors  on   the  train  gives  more  room  for  > 
increase  of  dimensions  of  essential  working  parts,  such  as  bearings,  gears,  * 
and  commutators  of  any  one  motor  ;  also  greater  space  for  the  application  of 
brakes — electric  and  mechanical. 

When  the  total  motor  capacity,  say  600  H.P.,  is  concentrated  on  one 
car  of  a  six-car  train,  there  is  not  the  same  ratio  of  weight  on  the  drivers,  and 
consequently  a  much  smaller  effective  pull  than  with  many  smaller  motors 
distributed  over  all  the  six  cars  of  the  train. 

The  discussion  took  the  form  of  a  series  of  questions,  to  each  of  which)the: 
author  very  ably  replied.  In  replying  to  the  suggestion  that  the  controlling 
mechanism  was  intricate,  the  author  stated  that  experience  showed  very  little 
Hability  of  the  small  pilot  motors  to  get  out  of  order.  He  pointed  out  that 
the  cost  of  plant  per  H.P.  in  the  generating  station  is  about  ten  times; 
what  it  is  for  the  train  equipment.  It  is  therefore  economical  to  expend 
money  on  the  motors,  controllers,  &c.,  if  by  so  doing  the  total  H.P.  ol 
the  generating  plant  can  be  reduced. 

In  referring  to  the  chloride  accumulator  batter^'  which  has  been  installed 
on  the  South  Side  Elevated  Railway,  the  author  said  he  was  an  advocate  ol 
the  storage  battery  for  regulation  and  taking  the  peak  loads,  if  it  was  puj 
in  under  proper  guarantees.  (See  also  1898,  Abstract  No.  344,  and  1899,  Na 
1810.)  E.  K.  9 

396.  Surjace  Contact  Traction  Systems.  G.  Claude.  (Ind.  ^lect.  8.  pp 
388-342,  August  10,  1899.) — The  author  discusses  the  underground  conduit 
and  surface  contact  systems.  The  following  systems  are  criticised  :  AyrtOi 
and  Perry  (1888),  Pollak  (1887),  Lineff  (1888),  Diatto  (1894),  Thompso 
and  Walker  (1898).  These  systems  are  all  based  on  that  suggested  If 
Ayr  ton  and  Perry  in  1888,  in  which  a  powerful  electromagnet  is  fixed  ci 
each  car,  and  permanently  excited  from  a  battery  of  accumulators.    Eatf 
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sectioa  is  provided  with  a  stationary  magnetic  device  which,  when  the  car 
is  pasksing,  is  attracted  by  the  electromagnet  and  causes  contact  to  be  made 
with  the  supply  cable.  The  following  systems  are  also  discussed :  Claret 
VniUeninier,  Hopkinson  (1882),  Wynne  (1887),  "The  Safety  Third  Rail 
System;*  and  Potter  (1896).  L.  J.  S. 

3©7.  Effect  of  Temperature  on  Pull  of  Trolley  Wires.  M.  Eisig.  (Elek- 
trotcchn.  Ztschr.  20.  pp.  658-655,  September  14,  1899.)— A  formula  is  given  by 
which  the  differences  of  pull  on  trolley  wires  due  to  varying  temperatures 
may  be  calculated.  Assuming  the  usual  practice  of  a  span  of  40  metres, 
area  of  trolley  wire  60  square  mm.  (equal  to  0-316  inch  diameter),  and  a 
VDiidng  tension  of,  say,  400  kilogrammes,  the  extra  pull  per  degree  Centigrade 
is  about  as  follows  : — 

From         0°  to— 10°  Centigrade  8  kilogrammes. 
..       —10°  to— 20°  „  9 


From         0  to-f-  8°  Centigrade  7  kilogrammes. 
.,       +  8to+12°  „  6 

„       4-12to+20°  „  5 

+20to+26°  „  4 

+26to+80°  „  8 

Twelve  kilogrammes  per  square  mm.,  or  a  total  of  600  kilogrammes  for  a 
30  square  mm.  wire,  is  within  the  safe  elastic  limit.  K.  K.  S. 


L  Bettc  Contact  System.  A.  Witz.  (Kcl.  Klectr.  21.  pp.  201-207. 
XoTcmbcr  11.  1899.)— At  present,  82  per  cent,  of  the  existing  electric  tram- 
ways are  on  the  overhead  system,  7  per  cent,  on  underground  conduit,  and 
11  per  cent,  on  accumulator  systems.  The  Bedc  system  consists  essentially 
•ji  a  plough  travelling  in  a  slot  outside  one  rail  and  mechanically  pressing 
horizontally  outwards  contact  pins  which  pass  through  rubber  glands,  and 
irtiich  when  pushed  back  make  direct  contact  with  a  bared  portion  of  the 
tctdcr  cable.  Details  of  construction  are  given.  Since  the  begin nin^^  of 
1899,  406  metres  of  the  Brussels  Tramways  Co.'s  lines  have  been  working 
aci<-factorilv  on  thi*.  svstem  in  all  kinds  of  weather.  E.  H.  C.-H. 

309.  Electromagnetic  Brakes.  M.  Schiemann.  (Elektrotechn.  Ztschr. 
aOL  pp.  585-539.  DiMTussion,  p.  539,  July  27,  1899.  Paper  read  before  the 
Ekktrotechnischen  Vereins,  Berlin,  May  30,  1899.) — The  conditions  to  be 
fnifiUed  by  a  good  brake  for  electric  cars  are  enumerated.  Kim  and  axle 
trains  arc  useful  until  the  wheels  slip  on  the  rails,  when  some  form  of  rail 
brake  mu>t  be  resorted  to.  Electric  braking  by  short  circuiting  the  motors  is 
3sde>irable,  a^  the  kinetic  energy  of  the  car  is  spent  in  heating  the  motor. 
This  may  be  avoided  by  using  a  magnetic  brake  consisting  of  an  iron  disc 
leyed  on  the  axle  and  acted  on  by  a  crown  of  electromagnets  on  one  side. 
Braking  take>  place  owing  to  the  eddy  currents  in  the  disc  and  by  friction 
« tac  disfC  on  the  pole  faces  as  the  attraction  increases.  The  electromagnets 
are  excited  either  from  the  car  motor  or  from  the  line.  A  hand  brake  must 
be  employed  to  bring  the  car  finally  to  rest.  For  more  powerful  braking 
be  applied  through  the  adhesion  of  the  wheels,  a  magnetic  rail 
b  deticribed,  consisting  of  a  bar  suspended  longitudinally  between 
fte  wheels  and  a  few  inches  above  the  rail.    This  bar  carries  a  brake  shoe  al 
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each  end,  and  a  number  of  pole  shoes  along  its  length,  which  when  excited 
are  attracted  on  to  the  rail,  thus  forcing  the  brake  shoe  under  the  front  of 
the  trailing  wheel,  effectually  bringing  the  car  to  rest  on  emergency  or 
allowing  it  to  run  at  reduced  speeds  as  required.  Experiments  with  this  form 
of  brake  fitted  to  a  trailer  car  on  the  Dresden  tramways  are  described.  A 
discussion  followed,  in  which  Hefner- A Iteneck  and  Klose  pointed  out  the 
reduction  of  the  coefficient  of  friction  at  high  speeds  and  the  corresponding 
advantage  of  magnetic  brakes  acting  by  means  of  Foucault  currents.       L.  B. 

400.  Fall  of  Potential  along  Rail  Return.  A.  Barbillion.  (Eel.  Electr. 
21.  pp.  94-96,  October  21, 1899.) — At  every  point  of  a  rail  convejnng  a  current 
part  of  the  current  strays  into  the  surrounding  soil.  Let  the  potential  of  the 
rail  at  the  point  a-^  O  be  Vo,  and  its  potential  at  the  point  jf=:  /  be  Vi.  Let, 
further,  p  stand  for  the  contact  resistance,  per  unit  length  of  rail,  between  the 
rail  and  earth.  The  author  shows  that  the  potential  V  at  any  point  x  may  be 
represented  by  the  equation — 

where  A  and  B  are  two  constants  defined  by  the  equations — 

A-f  B  =  Vo 

Ae^l^P+Bc'^I^P  =  V,.  A.  H. 

401.  Experiments  on  Rail  Bonds.  H.  H.  Norris.  (Street  Rly.  Rev.  9. 
pp.  582-583,  September  15,  1899.)— The  author  deals  briefly  with  earth 
resistance,  and  points  out  that  this  is,  as  a  rule,  sufficiently  high,  so  that  it 
should  not  be  possible  for  any  great  quantity  of  the  return  current  to  leave 
the  rails  unless  the  bonds  are  defective.  The  requisites  of  a  good  bond  are 
both  mechanical  and  electrical.  They  must  not  be  able  to  work  loose,  and 
they  must  be  flexible  to  allow  for  the  yield  of  the  rails  to  the  weight  of  a  car, 
and  also  to  allow  for  changes  in  length  of  rails  due  to  temperature.  The 
electrical  conductivity  must  be  good,  with  large  connecting  surfaces  at  the 
rails,  a  sufficiently  high  pressure  between  those  surfaces,  and  no  chance  erf. ; 
oxidation  of  those  surfaces. 

A  summary  of  tests  made  by  Little  and  Reynolds  is  given.     The  method  - 
used  was  to  take  two  voltmeter  readings  for  each  bond  test,  one  between  two  | 
points  on  the  rail  about  15  feet  apart — being  proportional  to  current  in  rail— 
and  the  other  across  the  rail  joint  itself.     From  the  results  it  was  found  that 
in  some  cases  the  joint  resistance  was  less  than  one-third  the  actual  bond^ 
resistance,  and  in  other  cases  was  more   than  ten  times  that  value.    The,. 
author  states  that  these  tests  could  best  be  performed  by  pushing  the  contact! 
rapidly  along  the  line,  a  kick  of  the  voltmeter  pointer  indicating  the  presence 
of  a  bad  bond.     The  difficulties  are  :   (1)  to  operate  the  device  fast  enough  tOj 
work  in  with  a  regular  schedule,  (2)  to  make  a  proper  note  of  the  fault 
joints,  and  (3)  to  operate  with  few  observers. 

He  suggests  using  a  recording  voltmeter,  the  drum  to  be  driven  from  a 
wheel  running  over  the  rail.     This  may  be  done  by  having  a  small  platf< 
suspended  behind  an  ordinary  car,  having  a  flanged  wheel  running  on  tl 
track  to  drive  tlie  voltmeter  drum,  and  carrying  at  its  ends  the  spring  coni 
to  rest  on  the  rail.    The  drum  of  the  voltmeter  may  have  a  spiral  travel, 
thus  a  continuous  and  permanent  record  of  the  state  of  the  line  would 
obtained,  E.  D, 
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402.  Accumulator  Traction,    J.  Zacharias.    (Elektrotechn.  Ztschr.  20. 
pp.  471-472,  July  6,  1899.) — The  paper  contains  some  details  regarding  the 
Ghent  electric  tramcars,  which  are  driven  entirely  by  accumulators.     Each 
car  contains  12  boxes  of  9  cells  each,  making  up  a  total  of  108  cells,  the 
wdght  of  which  is  about  2,000  kg.    The  capacity  of  the  cells  is  sufficient  for 
a  50-68  km.  run.     The  normal  speed  in  the  town  is  12  km.,  and  in  the 
suburbs  up  to  80  km.  per  hour.    The  charging  of  the  cells  is  effected  as 
follows :  The  initial  charging  current  is  60-80  amperes,  at  a  P.D.  of  250 
volts.    When   the   current  falls   to  45  amperes,  the  P.D.  is,  by  means  of 
boosters,  raised  to  275  volts,  the  current  rising  to  about  50  amperes.    The 
charge  is  then  continued  until  the  current  falls  to  10  amperes.    This  method 
of  charging  is  found  to  give  the  most  economical  results.    The  cells  are  of 
the  Julien  type,  with  corrugated  Plante  positives  and  negatives  consisting  of 
perforated  lead  cylinders  packed  with  spongy  lead.    A  capacity  test  by  the 
author  of  a  cell  weighing  25  kg.  (including  acid)  gave  800  ampere  hours  at  a 
15-ainpere,  and  250  ampere  hours  at  a  50-ampere  discharge  rate.    The  author 
states  that  cells  which  had  run  8,000  kilometres  showed  no  signs  of  dete- 
rioration. A.  H. 

403.  Accumulator  Trials.  A.  Bainville.  (Electricien,  18.  pp.  249-258, 
October  14,  1899.)— Methods  and  results  of  the  Automobile  Club  trials.  Out 
of  the  large  number  of  competitors,  only  four  batteries  had  had  no  failure  in 
voltage  up  to  August  26,  1898  {cf.  Electricien  first  half-year,  1899,  p.  885 
and  18,  pp.  49  and  161).  M.  O'G. 

404.  Weight  of  Accumulators  for  Electric  Vehicles,  J.  Rosset.  (Ind. 
Klect  8.  pp.  886-388,  September  10,  1899.)— By  a  series  of  calculations  the 
writer  of  this  article  endeavours  to  determine  the  weights  of  accumulators 
which  are  necessary  for  an  electric  vehicle  to  accomplish  a  given  distance. 
He  gives  an  equation — 

__^P1_ 

^'—250—/ 

where  v  represents  the  weight  of  the  necessary  accumulators. 

P  represents  the  weight  of  the  vehicle  with  its  complement  of  pas- 
sengers. 
/  represents  the  distance  travelled  in  kilometres. 

Assuming  a  vehicle  and  passengers  to  weigh,  say,  1,000  kilogrammes,  he 
arrives  at  the  following  results  : — 

/  kilometres 

travelled  10    20      30      40      50      60      70      80      90     100 

V  kilogrammes  of 

'  accumulators  ...     41     86     186     190    250     815     388    470     562    666 

Cur\'es    are    given   showing  the    necessity  (from   the    point  of    view   of 
efficiency)  of  having  charging  stations  at  frequent  intervals. 

A  case  is  considered  of  an  electric  vehicle  going  from  point  A  to  H  in  a 
given  time,  the  distance  A  B  being  the  direct  route  but  badly  paved,  with  a 
coefficient  of  traction  of,  say,  0'04.  A  second  route,  ACB,  is  one  and  a  half 
times  as  long  but  the  road  is  good,  the  coefficient  of  traction  not  exceeding 
(hXL  Instead  of  taking  the  direct  route  at,  say,  8  kilometres  an  hour,  it  is 
therefore  better  to  travel  along  ACB  at  12  kilometres  per  hour,  as  the 
coefficient  of  traction  increases  only  very  slightly  with  the  speed,  anc* 
consequence  less  energy  is  required  on  the  longer  track. 
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The  conclusion  is  drawn  that  in  the  design  of  electrically  propelled 
vehicles  it  is  as  important  to  reduce  the  losses  in  the  motors,  gearing,  &c.,  as 
it  is  to  reduce  the  weight  of  the  cells.  E.  K.  S. 

406.  Siemens  and  Halske  Electric  Omnibus,  Siebert.  (Elektroteclfn. 
Ztschr.  20.  pp.  671-674,  September  21,  1899.)— An  illustrated  description  of 
an  electric  omnibus  to  carry  16  passengers.  The  omnibus  is  fitted  with  four 
motors,  each  giving  4  H.P.  with  850  volts  when  running  at  550  revolutions 
per  minute.  Hagen  accumulators  are  used,  there  being  200  cells  weighing 
1,500  kilogrammes.  The  total  weight  of  the  omnibus  complete  is  6,500  kilo- 
grammes.    Particulars  of  a  test  made  on  April  21  (1899)  are  given.       E.  K.  S. 

406.  Electric  Waggon,  M.  Schiemann.  (Deutsche  Zeitschr.  Elektro- 
techn.  6.  pp.  104-107,  July  1,  1899.) — Description  of  an  electric  waggon  pro- 
pelled by  accumulators.  The  motor^  by  Kummer  and  Co.,  gives  8  H.P.  at 
80  volts  and  1,500  revolutions,  at  which  speed  the  waggon  travels  on  the  level  at 
7  kilometres  per  hour.  The  weight  of  the  complete  waggon,  inclusive  of  the 
accumulators,  is  4,227  kilogrammes,  the  battery  alone  weighing  1,400  kilo- 
grammes. The  number  of  the  cells  is  44,  so  that  they  can  be  charged  from 
any  100  or  110  volt  circuit.  Some  particulars  of  the  power  taken  when 
travelling  over  different  kinds  of  road  surface  are  given.  E.  K.  S. 

407.  Signalling  on  Tramways.  (Elect.  Engin.  24.  pp.  454-455,  October 
18,  1899.) — Owing  to  numerous  curves  at  Dover,  much  delay  used  to  be 
caused  by  cars  waiting  for  one  another  unnecessarily  at  turn-outs.  Signalling 
pillars  were  therefore  erected  at  suitable  points.  When  the  car  passes  a 
pillar,  the  conductor  presses  a  switch  which  sets  at  *'  danger "  or  "  line 
clear  "  the  signal  arm  in  that  pillar  as  well  as  in  the  next  pillar  in  front  or 
behind.  The  arms  are  moved  by  a  polarised  armature  between  electro- 
magnets. Since  signalling  was  adopted,  each  car  is  enabled  to  make  two 
complete  trips  a  day  more  than  before,  i.e.,  an  extra  profit  of  ^1  per  car  pCT 
week.  The  financial  results  of  the  Dover  tramways  for  the  year  ending 
March,  1899,  arc  given.  The  expenses  per  car  mile  were  906d.,  and  the 
receipts  10*92d.    The  energy  used  amounted  to  0*98  units  per  car  mile.  jj 

E.  H.  C-H.    J 
i 

408.  Signalling-System  for  Tram-Cars.     H.  B.  Rogers.    (Street  Rly.  Rev.    i 
9.  pp.  887-888,  June  15,  1899.) — The  system  comprises  rail  contacts,  signal 
boxes,  signal    lamps,   and   semaphores  for   street  railways.    The  principal 
feature  of  the  system  is  the  rail  contact-box.     A  steel  tongue,  or  spring,  is 
pivoted  at  one  end  to  the  web  of  the  rail  ;  the  free  end  carries  a  plunger  j 
which  works  in  one  arm  of  a  U-tube  containing  mercury.     When  the  plunger 
descends  under  the  weight  of  a  passing  car,  the  mercury  in  the  second  arm 
of  the  U-tube  rises  and  makes  contact  with  a  metallic  point  connected  to  the  : 
semaphore  apparatus.     In  frosty  weather  the  space  under  the  plunger  was 
filled  with  salt  ;  they  were  never  frozen.     No  trouble  from  rain-water  was 
experienced  ;  the  mercury  made  an  effective  water-tight  joint.  R.  A 

409.  Magnetic  System  of  Railway  Signalling.  W.  S.  Boult.  (Elect.  Re^ 
45.  pp.  491-494,  September  22nd,  586-587,  September  29th,  and  578-67' 
October  6th,  1899.  A  paper  read  before  the  British  Association.) — ^The  defec 
of  the  present  systei  "^^  of  semaphore,  lamp,  and  detonator  signalling  are  di 
"bussed  and  the  req    \ments  of  a  perfect  system  enumerated.    All  visa 
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systems  are  andearable,  owing  to  the  necessity  of  signalling  in  three  ways — 
one  for  daytime,  one  for  night-time,  and  a  third  for  fog.  Mechanical  or 
electrical  methods  arc  liable  to  damage. 

The  only  method  of  meeting  the  requirements  at  all  satisfactorily  is  by 

means  of  electromagnetic  signals.    The  details  of  such  a  system  arc  figured 

•uid  described.      The   signals  are    transmitted  from  electromagnets  lying 

fK'twccn  the  rails  to  a  pivoted  polarised  needle  carried  below  the  engine, 

which  closes  one    of   two  relay  circuits.    Thus  two  signals  can  be  given 

iihtcstd  of  one  as  in   the  present  system.     The  signals  are  recorded  by  a 

>maiJ  indicator  instrument  in  the  locomotive  cab  having  two  small  semaphore 

^*nns  on  the  face.     The  relay  is  operated  by  either  of  two  batteries.    A  defect 

in  mther  battery  circuit  is  immediately  indicated  by  a  coloured  spot  on  the 

iodicator  face,  and  signalling  continues  by  means  of  the  other  battery.    At  a 

juDction  the   line    open   is  indicated  by  numbers  on  the   indicator   face. 

•brangements  can  be  made  for  telling  the  driver  which  of  eleven  alternative 

^ioes  is  offered.     Just  before  reaching  a  signalling  point  a  set  of  permanent 

foagnets  put   the   semaphores  to  danger.    When  home  or  distant  danger 

'^gDads  swc  passed  different  bells  are  thrown  into  circuit,  which  continue 

riDgiag  until  stopped  by  the  driver  employing  a  special  "  relay  push."     By 

•uitoniatic  switching  the  current  is  allowed  to  flow  only  while  a  train  is  on 

tbt-  block.      The  method  is  also  adapted  to  an  automatic  block  system.    As 

^co^i^  the  author  estimates  that  the  upkeep  per  annum  would  not  exceed 

t^c extra  vxpcnscs  incurred  on  one  line  in  "fogging"  alone  during  five  days 

«/wj  in  ISSS,  v'i-z-,  58s.  per  post.     Reliability  of  action  has  been  tested  by 

^ing  a  Oreat   Xorthern  Railway  express  engine  with  an  early  form  of  the 

^ppmtu>    by  wliich  signals  were  taken  perfectly  at  a  speed  of  70  miles  per 

W.    A  discussion  followed.  L.  B. 

410    -i    iofftiiiic  Biock  System,     (Elektrotechn.  Ztschr.  20.  pp.  581-582,  July 

'  ' TliG   Aii^trisui  State  Railway  has  recently  introduced  a  modified 

TT*  S'eni^'^^'  automatic  block-system  for  the  Waidhofen-Oberland 
^D^^  -  <^^lztlii«J  lines.  It  is  intended  to  operate  so  as  to  ensure  siifety 
I  Keifling-^  ^^  ^1^^  section  immediately  in  front  and  the  section  imme- 
nc  trains  rp^rtic^^^^  train.    A  diagram  is  given,  showing  the  electrical 

\t\y  behind  a  f^      general  arrangement  of  switches.  R.  A. 

ncaions  :incl  txi*^  ^ 

w^.^^^^      Eieciric     Lighting    System.      E,    Dick.      (Zeitschr. 

4U.    Wind  rC^^^  ^J^    ^^     ^no    .%,     xf...   i.     .^^    .oo    .ca     T.I..    L     .c^. 

iktrotechn.,      -     _ 

^%  is  a  da><^  t^  £^^  a  private  electric  lighting  plant  driven  by  wind 


4U.  Wind    ^f*^      17.    pp.  408-407,  July  28,  and  428-426,  July  80,  1899.) 
iirtrotechn.,     V%  i     .  '    ^    ^i  the  details  of  a  system  installed  by  Wuste  and 


^?prtcht,  of   V  «^  ^^^^s^ry  storage  and  switching  arrangements.    The  wind- 
^«r.\fcith  ttier    n^     *-it>ecI-     The  plant  is  designed  for  a  wind  velocity  of  9  to 


j^^Uclf  i!s  not  d<^s»^    O'^V'iHg  to  the  unreliability  of  the  driving  power,  two 

Kult^  per    houi"-  ^-^ch  capable  of  supplying  one  evening's  load.    The 

^*^^  are   insta-U        tit\^    &^^  ^^  almost  entirely  automatic.    The  voltage  is 

'^ag  and    ^^^^^*    ttt^    dynamo  switched  out  of  circuit  as  soon  as  it  fallb 

^^  at  90,    ^^^f.^g'iciy  ^'^^  switching  apparatus  are  installed  in  the  house 

^this.    The  t>^^    ^ttio  in  the  most  suitable  spot  for  driving.     In  the  day- 

:     "^^hted,  the  <*y         j^^j-gcd  in  parallel,  and  each  is  automatically  switched 

[  *^^batteries  ^^^       V'oltage  of  each  cell  rises  to  2-6  volts.    At  night  one 

I  ^^Qrcoit  ivheii    f  t%t%^^^^^  *"  parallel  with  the  dynamo  to  the  lamp 

I  ^Wtcries    i^     ^f^«     voltage,  the  other   being  connected   to  take  any 

^i  to  regulate      »fL«-^ing  cun-ent.    The  next  night  the  functions  oi  the 

^PDner  as  s»   ct%»^»  ^ 
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directions,  it  should  be  determined  while  they  are  rapidly  revolved  and  their 
rating  made  to  accurately  correspond  with  the  actual  average  illumination  of 
the  whole  horizontal  plane  and  not  with  one  or  more  selected  points  in  that 
plane.  The  factors  which  determine  the  "  candleagc  **  of  a  lamp  are  (1)  the 
quality  and  shape  of  the  filaments ;  (2)  the  character  of  the  vacuum ;  (8) 
the  quality  of  the  glass  ;  and  (4), the  regulation  of  the  pressure  at  which  it  is 
kept  Ughted. 

There  is  very  little  difference  in  the  system  of  looping  in  the  various 
makes  of  incandescent  lamps,  or  in  the  materials  of  which  the  filaments 
are  composed,  or  in  the  process  of  carbonisation.  There  is  also  but  little 
difference  in  the  dimensions  given  to  the  filaments,  so  that,  approximately, 
filaments  of  equal  capacity  of  different  makes  should  possess  equal 
illuminating  powers  if  the  quality  of  their  surfaces  is  uniform. 

The  character  of  the  vacuum  surrounding  the  filaments  is  almost  as  impor- 
tant as  the  quality  of  the  filaments  themselves  in  determining  the  candleage 
of  a  lamp,  more  especially  in  high-voltage  lamps.  The  character  of  the  glass  . 
of  which  the  bulbs  are  made  affects  the  candleage  of  a  lamp  to  a  very  serious  ' 
extent,  the  best  glass  intercepts  as  much  as  10  per  cent,  of  the  illuminating 
power,  and  inferior  glass  double  that  amount,  even  when  perfectly  clear  and 
colourless. 

A  table  is  given  of  the  standard  dimensions  of  some  of  the  best 
proportioned  bulbs  for  various  purposes  and  uses,  which  are  made  from 
Corning  glass,  which  does  not  intercept  more  than  6  or  8  per  cent,  of  the  total 
photometric  radiance. 

The  wattage  of  small  high-voltage  lamps  per  candle  is  not  so  low  as  that 
of  lamps  of  lower  voltages,  and  their  specific  efficiency  not  so  good  ;  whereas 
a  16-candle  110  volt  lamp  will  consume  about  8*1  watts  per  candle,  a  similar 
lamp  for  220  volts  will  consume  8*8  watts  per  candle-power,  the  specific 
efficiency  of  the  first  being  0*828,  and  of  the  second  only  0*268,  and  the  length 
of  life  is  also  proportionately  shorter. 

Transformers. — The  efficiency  of  transformers  depends  on  the  perfection 
and  arrangement  of  the  following  details  of  their  construction  :  (1)  Insula- 
tion. (2)  Mechanical  protection.  (8)  Regulation.  (4)  Character  of  core 
metal  and  consequent  amount  of  hysteresis.  (5)  Arrangement  of  coils  and 
consequent  amount  of  impedance. 

There  are  two  distinct  types  of  transformers  in  use.  The  "  shell "  type  ; 
which  is  the  more  recent  of  the  two,  is  said  to  be  cheaper  to  manufacture.  It  ] 
however,  possesses  inherent  disadvantages,  the  chief  ones  being  weak  insula*  /^ 
tion  and  increased  impedance  arising  from  the  overheating  of  the  coils  due  to  ^ 
their  being  buried  in  the  iron,  together  with  increased  hysteresis  owing  to  the  1 
iron  being  relatively  cooled.  The  other  type  is  known  as  the  "  core  "  t3rpe  and  j 
is  being  more  and  more  adopted  in  all  recent  installations.  J 

The  author  advocates  that  the  insulation  between  the  primary  and  secondary 
of  the  transformer  should  be  subjected  to  a  disruptive  test  in  the  factory  of  at 
least  10,000  volts,  the  transformer  itself  being  subjected  momentarily  to 
double,  treble,  or  even  quadruple  the 'working  pressure. 

In  order  that  the  insulation  of  the  transformer  should  last,  the  coT 
should  be  firmly  fixed  to  the  cores  and  the  latter  to  the  cases,  so  that  the 
relative  position  cannot  alter.  With  regard  to  core  losses,  the  only  practio 
way  of  avoiding  initial  hysteresis  and  its  progressive  increase,  through  the  9 
called  **  ageing  of  the  iron,'*  amounting  in  some  cases  to  60  per  cent,  and  ll 
per  cent  of  the  original  core  loss  after  a  few  months'  use,  is  to  ensure  m 
^ormity  of  texture  in  the  cores         uilding  them  up  of  thin  discs  of  carela! 


ELECTRICAL  DISTRIBUTION,  TRACTION  AND  LIGHTING.     166 

selected  metal,  these  discs  being  insulated  by  japanning  and  joined  by  strips 
—three,  four,  or  five  in  number — along  the  edges.  The  width  of  the  gap 
between  the  discs  is  shown  by  experiment  to  have  no  efiFect  upon  the  efficiency 
of  the  cores  made  from  them,  and  in  practice  the  discs  are  pressed  together 
a>  close  as  possible,  so  that  the  gaps  composed  of  japanning  are  reduced  to  a 
minimum  thickness.  In  cores  constructed  in  this  way  the  initial  hysteresis  is 
Tcry  small,  and  there  is  practically  no  sensible  ageing. 

Dis^rams  are  given  showing  the  connections  to  be  employed  in  trans- 
former testing. 

The  principles  governing  transformer  use  in  modern  stations  can  be  briefly 
sammarised  as  follows  : — 

(1)  The  station  voltage  should  be  regulated  so  that  all  lamp  circuits  at  the 
average  load  can  be  run  at  normal  pressure.  (2)  All  transformers  should  be 
connected  with  secondary  mains  serving  districts  of  a  maximum  area.  (8)  All 
transformers  should  be  subjected  to  periodical  and  frequent  tests,  independent 
ci  guarantee  or  reputed  performance.  (4)  The  hours  of  load  on  each  trans- 
former should  be  increased  to  a  maximum.  (6)  The  total  transforms 
capacity  required  to  carry  a  given  total  station  load  should  be  reduced  to^a 
minimum.  (6)  Transformer  regulation  at  a  frequency  of  60  periods  should 
be  maintained  vnthin  limits  of  ^  per  cent,  and  defects  from  this  cause  at 
average  loads  should  not  exceed  1  to  1|  per  cent.,  the  percentage  of  increase 
with  higher  frequencies  being  maintained  as  low  as  possible.  (7)  Core  losses 
at  60  frequency  should  not  exceed  2  per  cent,  for  2,000  watts  capacity,  1^  for 
5j000  vpatts,  and  1  for  15,000,  and  so  on,  the  proportion  of  loss  diminishing 
with  higher  frequencies.  L.  J.  S. 

418.  Berrenbcrg  iMmp  Factory.  (Electrician,  44.  pp.  85-88,  November  8, 
1899.)— The  chief  feature  of  the  Berrenberg  lamp  is  that  the  vacuum  is  pro- 
duced by  a  mechanical  pump  in  which  all  joints,  valves,  &c.,  arc  enclosed  in 
a  vacuum  jacket  which  is  maintained  by  a  second  pump  producing  a  rough 
vaconm.  It  is  claimed  that  the  absence  of  mercury  vapour  in  the  lamp 
prevents  the  blackening  of  the  bulb  after  use.  This  paper  gives  a  description, 
with  iUustrations,  of  the  works  recently  erected  by  the  Berrenberg  Electric 
Lamp  Syndicate.  The  works  are  capable  of  turning  out  40,000  lamps  per 
week.  The  paper  also  gives  two  diagrams  of  curves  which  show  that  the 
cuKile-power  of  a  16-c.p.  lamp  falls  to  18  c.p.  at  the  end  of  1,000  hours,  while 
the  watts  per  cp.  rise  from  2*4  to  8*0  in  the  same  time.  E.  C.  R. 

419.  Electric  and  Gas  Lamps.  S.  A.  Rumi.  (Rivista  Sci.  Industriale,  81 
pp.  159-148,  June  80,  1899.  From  the  "Giomale  Scientiflco"  di  Palmero 
No.  4,  1899.) — ^The  author  compares  the  electric  incandescent  lamp  with  the 
Aoer  (incandescent)  gas  lamp.  In  point  of  economy  in  illumination  the  latter 
is  saperior,  bat  the  life  of  a  gas  mantle  is  considerably  less  than  that  of  an 
electric  incandescent  lamp.  Figures  are  given  showing  the  percentage  loss 
of  candle-power  of  two  English  and  three  German  mantles,  after  burning 
100  aiiH  500  hours ;  the  means  of  these  are  respectively  15  per  cent,  and  45  per 

Voelher  found  a  loss  of  50  per  cent,  in  the  light  of  two  English  mantles 
S90  hears.    Massa,  the  inspector  of  the  street  lighting  in  Genoa,  finds 
^nA  the  life  of  different  mantles  of  the  same  type  is  exceedingly  variable. 
For  the  loss  of  light  in  electric  lamps  the  author  gives  20  per  cent,  after 
as  a  practical  figure,  taking  perfect  and  faulty  lamps  together. 

G.H.B 
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433.  Poilak'Virag  Machine  Telegraph.  (Elect.  World  and  Engineer,  34. 
pp.  B4-85,  July  16,  1899.)— The  merit  of  the  system  is  its  high  speed.  The 
messages  are  perforated  on  a  strip  of  paper  which  passes  under  two  small 
brushes  connected  to  the  reverse  poles  of  two  separate  batteries.  The  paper 
slip  is  moved  along  by  means  of  a  cylinder  which  is  connected  to  the  circuit 
and  makes  contact  with  the  brushes  above  it  whenever  there  is  a  hole  in  the 
paper  strip.  In  this  way  positive  or  negative  currents  will  be  sent  over  the 
line  according  to  which  one  of  the  brushes  comes  in  contact  with  the  cylinder. 
The  paper  strip  has  two  rows  of  perforations,  th^  one  serving  for  the  positive 


DIAGRAM  OF  CIRCUITS. 

cnrrcnt  impulses,  the  other  for  the  negative  ones.  The  one  impulse  produces 
ai  the  receiving  station  a  line  going  upward  corresponding  to  the  dash  in  the 
Morse  code,  while  the  other  impulse  produces  downward  strokes,  correspond- 
vsMg  to  the  dots  in  the  Morse  code.  The  receiving  apparatus  is  a  telephone 
disc  provided  with  an  oscillating  mirror  which  makes  a  photographic  record 
ot  its  motion  on  a  revolving  cylinder.  The  period  of  the  forced  oscillations  is 
made  to  coincide  with  the  natural  vibration  of  the  mirror  by  means  of  a 
condenser,  and  an  inductance  is  mounted  m  parallel  with  the  transmitting 
apparatu:»  to  balance  that  of  the  telegraph  circuit.  As  many  as  100,000  words 
been  transmitted  per  hour  with  a  working  pressure  of  26  volts.   E.  E.  F. 


434.  Simultaneous  Telegraphy  and  Telephony.  H.  S.  Webb.  (Amer. 
11.  pp.  420-423,  September,  1899.)--The  reason  why  an  inductance 
and  c^»city  retard  the  rise  and  fajl  of  the  dot-and-dash  current  is  given. 
To  prevent  a  Morse  current  affecting  a  telephone,  it  is  connected  in  series 
with  a  condenser  which  intercepts  continuous  currents,  but  not  the  alternating 
current  for  the  telephone.  To  ensure  telephone  currents  reaching  the  receiver 
and  not  going  to  ground  through  the  telegraph,  a  500-ohm  inductance  coil 
is  pot  in  series  with  the  telegraph  relay.  An  illustrated  description  of  the 
aetiMxl  of  construction  of  the  coil  and  condenser  is  given.  M.  O'G. 

435.  Compensating  Condensers  in  Telegraph  Circuits.  M.  G.  Simpson. 
I  Electrician,  48.  pp.  685-^6,  August  25, 1899.) — By  equating  the  instantaneous 
Tallies  of  the  currents  a  short  time  after  interrupting  the  circuits  of  a  con- 
denser and  an  inductive  resistance,  the  capacity  of  the  condenser  required  by 
IT  given  relay  having  self-induction  is  calculated.  This  is  modified  in  the 
<d  an  actual  line  by  the  preponderance  of  its  capacity.  A  practical  case 
s  worked  cmt.  M.  O'G. 


Resistance  of  Earth  P/a/^s.    R,  Nowotny.    (Zeitschv.  Elektrotechn,, 
n.pp.  449-4^  AugastQO,  1899.)— The  results  of  tests  of  the  resistant 
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of  various  earth  connections  by  Wiechert's  method,  carried  out  by  the  German 
Telegraph  Department,  are  given,  and  the  effect  of  the  material  of  the  subsidiary 
earth  plate  employed  on  the  results  is  discussed.  L.  B. 

437.  Wireless  Telegraphy,  J.  L.  Adams,  Jr.  (ESect.  World  and  Engineer, 
34.  pp.  278-274,  August  19,  1899.) — Further  experiments  on  self-inductance  in 
a  receiving  circuit  with  coherer.  Three  or  four  8  c.p.  104  volt  lamps  in  series 
with  a  coherer  have  the  same  effect  on  the  latter  as  an  inductive  resistance  of 
5,000  ohms,  i.e.,  they  stop  all  action  in  the  coherer.  A  touch  from  the  positive 
wire  of  a  200  volt  direct  current  circuit  causes  a  coherer  to  respond  instantly. 
Horizontal  slits  were  found  to  cut  off  all  effects  from  vertical  antennae. 

M.  O'G. 

438.  Storage  Battery  in  Telephone  Exchanges.  (Elect.  World  and  Engineer, 
84.  pp.  877-878,  September  9;  1899.)— The  Bell  Exchange  at  Philadelphia 
employs  two  80  kw.  dynamos,  and  the  four-volt,  eight-volt,  and  twenty-volt 
batteries  are  charged  by  motor  generators.  The  twenty-volt  battery,  with 
1,000  ampere  hours*  capacity,  furnishes  all  current  for  subscribers  talking  and 
calling  up  the  offtce.  The  subscriber,  by  unhooking  his  telephone,  operates  a 
relay  which  works  a  four-volt  lamp  ;  the  lamp  is  extinguished  as  soon  as  the 
operator  plugs  into  the  jack.  The  cord  with  which  the  operator  connects  the 
calling  subscriber  to  his  listoner  is  wired  to  the  twenty-volt  battery.     M.  O  G. 

439.  Telephone  E.vchange  Patents.  (Elect.  World  and  Engineer,  84.  pp.  878- 
379,  September  9, 1899.)  (See  Science  Abstracts,  1899,  No.  1818.)— C.  Scribner, 
in  a  patent  dated  August  29,  1899,  uses  polarised  individual  annunciators  with 
a  battery  introduced  in  the  connecting  device,  so  that  when  two  lines  are  con* 
nected  the  annunciator  will  not  act.  This  inventor  would  dispense  with  spring- 
jack  switches  and  avoid  the  use  of  test  wires  in  multiple  systems.  In  a  second 
patent  issued  August  29, 1899,  he  shunts  the  annunciator  and  incidentally  pro- 
vides a  new  test  system  which  uses  a  buzzer  to  detect  whether  an  annunciator 
coil  is  or  is  not  shunted  and  the  line  therefore  in  use.  M.  O'G. 

440.  Automatic   Telephone  Exchange   at   Augusta y    Ga,    L.   Campbell* !i 
(Elect.  World  and  Engineer,  84.  pp.  801-802,  August  26, 1899.)— An  illustrated 
description  of  this  automatic  telephone  exchange.    A  complete  copper  metallic. 
circuit  is  used  and  storage  batteries  furnish  energy  to  operate  the  machinesy-  ^ 
which  are  grouped  on  a  central  switchboard  to  the  number  of  one  thousand. ,. 
One  inspector  and  two  assistants  look  after  the  whole  system.  * 

The  method  of  caUing  any  number  is  to  turn  a  dial  on  the  instrument ; 
thus,  for  No.  687  the  dial  is  first  turned  to  6,  then  to  8,  and  then  to  7,  and 
direct  communication  is  then  obtained  with  687.  If  on  turning  the  magnetic 
crank  the  subscriber's  own  bell  does  not  ring  the  number  wanted  is  engaged. 
Absolute  privacy  is  claimed.  M.  CG. 

441.  Charlcroi  Installatiofi.  E.  Pi6rard.  (Elcctricien,  18.  pp.  129-lMI 
August  26,  1899.) — Description  of  a  central  exchange  for  1,200  subscribe 
Overhead  wires  alone  are  used — ^the  insulators  on  the  turret  are  only  17  to  S 
centimetres  apart,  yet  no  contacts  occur — "  Standard  "  boards  are  used.  Th 
indicators  are  reset  automatically,  and  the  current  used  for  this  purpose  is  c 
off  by  the  automatic  action,  thus  effecting  considerable  economy.        M.  C^ 
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442.  Determination  of  the  Earth* s  Density  and  Gravitation  Constant.  A. 
Gendiun.  (Comptes  Rendus,  129.  pp.  1018-1015,  Dec.  11,  1899.)— If  a 
fiquid  be  in  equilibrium  under  the  earth's  attraction,  and  a  heav>'  spherical  mass 
is  made  to  approach  it,  the  surface  of  the  liquid  assumes  a  new  form  of 
eqiulibrxmn,  which  is  a  surface  of  revolution  about  the  line  joining  the  centre 
of  the  heavy  sphere  with  that  of  the  earth.  Denoting  by  R  the  earth's  radius, 
If  its  mass,  r  the  radius  of  the  heavy  sphere,  /« its  mass,  and  h  the  distance  of 
its  centre  from  the  free  surface  of  the  liquid,  the  author  finds  for  the  radius  of 

tie  osculating  sphere  p=  "^j^jTma*''^'  approximately,  and  thence  derives 
the  formula — 

R  1.^3 

-  =  1  +  V«' 

P  ^ 

Q  vfcicb  d  is  the  denMty  of  the  heavy  sphere,  ^  the  density  of  the  earth,  and 
•  sr/A. 

li  therefore  a  be  constant,  p  is  independent  of  the  radius  of  the  heavy  sphere 
lad  depends  only  on  its  density.  It  thus  enables  the  experimenter  to  use  for 
be  heavy  sphere  a  small  sphere  of  platinum. 

The  liquid  is  a  bath  of  mercury.    If  p  can  be  determined,  o,  the  earth's 
ean  density,  is  thus  known.    The  method  used  for  determining  p  is  the  one 
iployed  by  Foucault  for  the  verification  of  plane  optic  surfaces.    The  details 
10  be  published  in  the  Journal  of  the  Russian  Astronomical  Society. 

S.  H.  H. 

43.  Action  and  Reaction,  A.  Broca.  (Comptes  Rendus,  129.  pp.  1016- 
Dcc-  11,  1899.) — ^The  writer  refers  to  a  memoir  by  Vaschy  in  which  is 

1  the  existence  of  vector  masses  acting  on  a  scalar  pole  in  any  field  of 
Let  X,  Y,  Z  be  the  forces  acting  on  the  pole.  Then  these  vector  masses 
^cording  to  Vaschy,  the  forms — 

1    /  jy        /v\ 

M.v=4^(x7 i-j,  &c.,  where  no  potential  exists, 

N*  =  4;.(«Y,  —  mZi),  &c., 
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at  a  surface  of  discontinuity.  Here  /,  m, «,  are  direction  cosines  of  the  surface. 
Broca  shows  that  the  vector  masses  (2)  have  no  existence,  and  that  (1)  form 
"  conservative "  tubes  notwithstanding  the  discontinuity,  and  therefore  that 
their  action  on  a  scalar  mass  is  analogous  to  the  action  of  a  magnetic  shell. 
There  is  thus  equality  between  action  and  reaction  in  this  case. 

The  author  refers  to  Maxwell's  Theorem  (p.  96  of  his  work)  which  he  puts 
in  the  form  that  on  a  surface  of  discontinuity  in  the  field  of  a  vector  only  the 
component  normal  to  the  surface  can  be  discontinuous,  unless  the  force  be 
infinite.     From  this  he  proves  that  the  tube  of  force  is  "  conservative." 

He  draws  three  corollaries  :  (1)  That  potential  cannot  be  discontinuous — 
though  there  is  what  he  calls  a  "  couche  de  passage "  of  rapid  variation  in 
passing  from  one  side  of  a  surface  to  the  other  ;  (2)  The  electric  current 
cannot  be  discontinuous ;  (3)  All  electric  currents  are  closed,  as  Maxwell 
teaches.  S.  H.  B. 

4^^,  Standard  Kilogramme,    M.  Thiesen.    (Abstract  in  Zeitschr.  Instru- 
mentenk.  19.  pp.  812-817,  Oct.,  1899,  from  Trav.  et  Mem.  du  Bureau  Intern, 
des  Poids  et  Mesures,  8.  1898,  and  9. 1899.) — The  work  of  comparing  the  forty 
national  standard  kilogrammes  with  the  international  standards  has  now  been 
finished.     Instead  of  comparing  all  the  national  standards  in  every  possible 
combination,  they  were  divided  into  six  groups  of  seven  and  seven  groups  of 
six,  and  all  possible  combinations  were  carried  out  within  each  group,  thut . 
diminishing  the  number  of  comparisons  from  780  to  281.    The  standards,  or  r 
"  prototypes,"  were  all  made  of  an  alloy  of  90  per  cent,  platinum  and  10  per ' 
cent,  iridium.    Their  shape  is  that  of  a  cylinder  of  height  equal  to  its  diameter*- 
The  density  of  each  standard  was  determined  by  weighing  in  water.    Thft 
comparison  of  each  standard  with  the  international  standard  was  carried  ooft 
by  means  of  Runge's  vacuum  balance,  provided  with  automatic  changing 
device  and  a  device  for  automatically  centring  the  cylinder  on   the  croif 
serving  as  a  scale.    The  probable  error  in  the  mass  of  each  standard  is  O'OOK 
mgr.  when  compared  with  the  mean  of  all  national  standards,  0*0022  mgr 
compared  with  the  international  standard,  and  0*0028  mgr.  compared  with  air 
other  national  standard.  E.  E.  I 

445.  Registration  of   Vertical  Movements.     N.  Ach.     (Zeitschi*.   Instn 
mentenk.  19.  pp.  809-812,  Oct.,  1899.)— The  vertical  motions  of  the  centre  i 
gravity  of  a  ship  at  sea  are  recorded  photographically  by  means  of  an  anero 
barometer  carrying  a  mirror  instead  of  a  pointer.     The  limit  of  accuracy 
the  records  is  about  1  m.,  which  corresponds  to  an  ordinate  of  about  2  mm.* 
the  curve.    Greater  accuracy  can  be  obtained  by  means  of  a  micrometric  cj 
piece,  but  not  in  the  photographic  records.    The  apparatus  is  suspended  bj 
double  Cardani  suspension  as  used  by  Julius.  E.  E. 

446.  Tachometer.    R.  A.  Fessenden.    (Elect.  World  and  Engineer, 
p.  789,  Nov.  11, 1899.)— A  description  of  what  is  practically  an  electrical  h 
tachometer.     It  consists  of  a  disc  commutator  of  six  equal  sectors,  rotatec 
the  shaft  ;  three  small  brushes  rest  against  this  commutator,  being  arrar 
with  angles  of  90°,  90°  and  180''  between  adjacent  brushes.    One  brua 
connected  to  a  small  storage  battery,  one  to  a  condenser,  and  the  other 
specially  damped  Weston  voltmeter,  or  a  ballistic  galvanometer.    The  i 
terminals   of    the   battery,  condenser,  and  voltmeter  are  coupled  toge 
The  instrument  may  be  standardised  absolutely  or  by  direct  comparison 

an  ordinary  speed  indicator  or  counter.    Any  change  in  the  voltage  0 
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81  gms.).  In  most  experiments  he  employed  circular,  not  square,  plates,  and 
attached  long  or  short  cones  to  the  rear  of  the  plate  (resistance  reduced  to 
60  gms.),  to  both  rear  and  front  (resistance  15  gms.),  or  a  hemispherical  cap 
to  the  front  (resistance  22*5  gms.),  &c.  He  also  tried  bodies  of  the  shape  of 
a  Chalais  balloon,  a  long  cone  and  a  hemisphere  joined  by  their  bases,  enveloped 
in  a  net ;  the  resistance  was  80  gms.,  and  largely  due  to  the  net.  .  H.  B. 

451.  Aeronautics  and  Soaring  Machines,  L.  Hargrave.  (Royal  Soc. 
X.S.  W  ales,  Joum.  and  Proc.  82.  pp.  56-65  and  209-222,  1898.>--These  two 
papers  deal  with  experiments  on  soaring  carried  out  on  models.  The  author 
differentiates  between  soaring  and  ghding.  In  the  former  a  bird  remains 
stationary,  or  it  may  be  rises  in  a  horizontal  wind  without  flapping  its  wings, 
while  in  gliding  the  bird  moves  forward  while  slowly  descending.  Lilienthal's 
experiments  were  on  gliding.  The  power  which  a  bird  has  of  soaring  is 
attributed  to  the  curved  part  of  the  wing  nearest  the  body,  there  being  a  deep 
boUow  on  the  under  side  of  the  wing,  immediately  behind  the  edge  which 
first  meets  the  wind.  The  air  dividing  on  this  edge,  part  goes  over  the  wing 
and  part  under,  and  this  latter  part  generates  a  vortex  in  the  deep  hollow  on 
the  under  side  of  the  wing,  which  vortex  causes  a  greater  pressure  on  the 
onder  side  than  there  is  on  the  upper  side^  and  so  gives  the  lifting  power. 
The  author  considers  the  problem  of  the  soaring  bird  as  analogous  to  that  of 
a  ball  retained  in  its  position  in  front  of  a  nozzle  from  which  a  high-pressure 
jet  of  water  is  issuing. 

The  models  experimented  with  have  curved  surfaces  representing  the 
curved  parts  of  the  wings,  and  also  other  surfaces  to  represent  the  plane  tips 
of  the  wings  and  the  tail,  which  are  requisite  to  give  stability ;  these  latter 
surfaces  arc  like  those  on  a  cellular  kite.  One  form  of  model  has  a  long  tube 
a:*  l>ase,  the  ends  of  the  tube  being  loaded  with  lead.  To  each  end  of  this 
tube,  on  the  upper  side,  is  attached  a  circular  cylinder  of  tin  plate,  the  axis 
being  parallel  to  the  tube.  These  two  cylinders  and  the  rod  form  a  cellular 
kite.  Between  the  two  cylinders  the  curved  surface  is  attached.  It  is  made 
from  sheet  vulcanite,  the  sheet  being  three  or  four  times  as  broad  as  it  is  long. 
A  vtrtical  section  of  the  bent  sheet  is  circular  at  the  forward  end,  the  tangent 
at  the  ver>-  end  being  vertical ;  then  when  the  tangent  comes  nearly  hori- 
xootal  the  form  changes  to  the  hyperbolic,  and  maintains  that  form  to  the 
other  end.  This  curved  surface  can  be  angled  bodily  to  the  rod.  Several 
other  forms  of  model  are  described. 

In  the  experiments,  the  models  are  tethered  by  a  cord  to  a  horizontal  cord 
stretched  between  the  tops  of  two  high  poles.  The  models  then  take  up  a 
position  to  windward  of  the  tethering-point,  sometimes  on  a  level  with  it,  and 
iOoaetixnt:>  above  it.  J.  B.  H. 


:.  Horizontal  Pendulums,  O.  Hecker.  (Zeitschr.  Instrumentenk.  19. 
pp.  261-209,  Sept.,  1899.) — A  description  of  the  construction  of  a  horizontal 
pendulum  apparatus,  and  an  account  of  the  comparison  of  the  behaviour  of 
rvo  horizontal  pendulums  under  the  influence  of  various  disturbances  of  the 
earth's  crust.  The  pendulums  were  lixed  beside  each  other  on  the  same 
piliar,  and  their  movements  recorded  on  the  same  registration  apparatus. 
ol>ser\'ations  show  that,  with  horizontal  pendulums,  comparable  results 
be  obtained  only  when  the  pendulums  are  similar,  have  the  same  time  of 
t^filbtii^^j  and  when,  moreover,  the  same  law  of  diminution  of  amplitude 
lor  both.  ].].S. 
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4M.  Earikquake-Sounds,  C.  Davison.  (Phil.  Mag.  49.  pp.  81-70,  Jan., 
1900.)— The  observers  of  earthquake-sounds  are  of  great  number,  and  differ 
considerably  in  their  powers  of  hearing.  The  variety  of  earthquakes  are  also 
of  great  number.  One  can  therefore  only  obtain  a  satisfactory  idea  of  the 
nature  and  peculiarities  of  the  sounds  observed  from  a  multitude  of  interest- 
ing descriptions,  such  as  those  given  in  the  original  paper. 

The  sounds  are  generally  of  low  pitch ;  and  one  person  may  hear  a  sound 
whilst  another  cannot  hear  it  in  the  least.  Again,  as  the  audibility  of  a  note 
of  lovg  pitch  depends  on  its  intensity,  a  person  may  hear  it  for  some  time  and 
then  suddenly  cease  to  be  aware  of  its  existence  ;  or  it  may  have  been  in 
existence  for  some  time  before  he  is  conscious  of  the  fact.  Notwithstanding 
the  difficulties  due  to  physiological  causes,  from  the  frequent  comparison  of 
the  sound  to  that  of  passing  vehicles,  one  may  say  that  the  intensity  of  the 
is  often  of  varying  magnitude,  and  that  it  sometimes  increases  to  a 
lum  and  then  dies  away.  In  addition  to  the  varying  sound  there  are 
often  erratic  noises  which  do  not  always  produce  the  same  effect  on  all 
observers.  Thus,  "  in  the  Hereford  earthquake  we  find  that  at  Hereford  a 
crash  or  bomb-like  explosion  was  noticed  during  the  rumbling  sound  by  four 
observers,  while  four  others  describe  the  sound  in  terms  which  imply 
uniformitv  of  character." 

An  attempt  is  made  to  map  out  the  area  subject  to  the  sounds  with  the 
of  isacoustic  lines.  ''  An  isacousiic  line  may  be  defined  as  a  line  which 
through  all  places  in  which  the  percentage  of  persons  who  hear  the 
sound  is  the  same."  There  are  marked  differences  between  the  isoseismal 
and  the  isacoustic  lines.  The  paper  also  deals  with  the  relation  between 
sound-audibility  and  geological  structure,  the  relations  between  the  intensities 
of  the  shock  and  sound,  the  relations  between  the  sound  area  and  the 
£*iturbed  area,  the  time  relations  of  the  sound  and  shock,  and  the  relative 
durations  of  the  sound  and  shock. 

Finally,  a  theory  is  given  of  the  causes  of  the  sounds  when  the  earth- 
quakes are  of  a  non-volcanic  character.  The  supposition  is  made  that  the 
majority  arc  due  to  the  growth  of  faults.  The  seismic  centre  is  not  a  point, 
bat  "  a  surface  inclined  to  the  horizon,  and  is  often  of  great  length  in  a 
horizontal  direction."  It  is  assumed  that  the  large  and  slow  vibrations  come 
from  the  central  region,  whilst  the  small  and  rapid  vibrations  come  from  the 
outskirts.  A.  G. 

466.  Secchis  Fourth  Type  of  Stellar  Spectra.  G.  E.  Hale  and  F.  Ellerman. 
(Astro- Phys.  Journ.  10.  pp.  87-112,  Aug.,  1899.) — The  authors  commence  by 
stating  the  difficulties  which  have  hitherto  prevented  any  systematic  examina- 
tion of  this  group  of  celestial  objects.  None  of  the  stars  exceed  the  6*5  magni- 
tude* being  thus  beyond  the  reach  of  any  but  the  largest  instruments,  and 
moreover,  when  examined  photographically,  the  blue  region  of  the  spectrum 
is  so  feeble  that  but  little  is  recorded  with  normal  plates  and  exposures.  With 
the  instrument  at  the  author's  command,  the  40-inch  Ycrkes  refractor  of  the 
University  of  Chicago,  the  first  difficulty  is  rendered  much  less  noticeable, 
while  the  character  of  light  emitted  by  these  stars  has  been  utilised  by 
employing  isochromatic  plates  and  long  exposures.  The  work  was 
systematically  commenced  in  1897.  After  reviewing  the  early  work  by  Vogel 
Doner  the  authors  give  a  detailed  description  of  their  apparatus,  of  which 
illustrations  are  included.  A  special  interpolating  machine  was 
and  made  for  the  determination  of  wave-lengths. 

In  this,  the  first  paper  on  the  subject,  attention  is  confined  to  the  star  159 
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Schjelleriip,  which  is  the  brightest  object  of  this  class.  A  photograph  of  the 
spectrum  of  this  star  is  given,  extending  from  X  4800  to  X  6800.  From  the 
evidence  of  their  photographs,  the  authors  consider  the  spectrum  to  contain 
two  bright  Hnes,  and  draw  special  attention  to  that  at  X  6592.  C.  R.  B. 

466.  Wave-Lengih  of  Green  Corona  Line,  VI.  W.  Campbell.  (Astro- 
Phys.  Journ.  10.  pp.  186-192,  Oct.,  1899.  Paper  read  at  the  Third  Conference 
of  Astronomers  and  Astrophysicists,  Sept.  7,  1899.) — The  author  describes 
the  apparatus  he  had  charge  of  with  the  Crocker  expedition  sent  out  from  the 
Lick  Observatory  to  observe  the  total  eclipse  of  the  sun,  January  22,  1898,  in 
India.  His  original  intention  was  to  get  photographs  of  the  spectrum  of  the 
corona  on  a  large  scale  in  order  to  determine  the  law  of  rotation  from  the 
change  of  wave-length  of  the  lines  ;  but  on  examination  of  his  plates  he  found 
the  wave-length  of  the  chief  corona  line  in  the  green  to  be  X  5308*26,  instead 
of  X  5816,  which  has  been  the  accepted  value  for  many  years  past.  This  had 
also  been  mentioned  by  Lockyer  a  few  months  previously.  It  is  therefore 
important  to  determine  the  wave-length  as  accurately  as  possible  at  the  next 
eclipse,  as  there  may  then  be  a  possibility  of  its  origin  being  determined. 

C.  P.  B. 

457.  Corrections  to  Absolute  Wave-length  Determinations.  E,  B.  Frost. 
(Astro-Phys.  Journ.  10.  pp.  288-285,  Nov.,  1899.) — In  the  reduction  of  spectro- 
scopic observations  of  celestial  objects  it  is  always  necessary  to  apply  certain 
corrections  to  tile  observed  wave-lengths  on  account  of  the  various  movements 
of  the  earth  and  other  bodies,  which  movements  cause  displacements  of  the 
spectrum  lines  from  their  normal  positions.  Until  recently  two  of  these 
corrections  have  been  neglected  owing  to  their  minuteness,  but  the  recent 
advances  in  the  accuracy  attainable  in  the  determinations  of  velocity  in  the 
line  of  sight  render  it  important  that  they  should  in  future  be  taken  into 
account. 

The  first  of  these  is  due  to  the  effect  of  the  eccentricity  of  the  earth's  orbit, 
an4  varies  from  0011  tenth  metre  for  X 6568  to  0007  for  X8984. 

The  second  correction  is  the  diurnal  one,  due  to  the  earth's  rotation.    This 
for  the  latitude  of  Baltimore  would  vary  from  0*008  tenth  metre  to  0*005 
tenth  metre.     Thus  an  absolute  determination  of  wave-length  might  from, 
these  two  causes  be  in  error  to  over  one-hundredth  of  a  tenth  metre,  the 
resulting  velocity  being  wrong  to  more  than  one-half  a  kilometre  per  second. 

c.  P.  a 

458.  Sun-Spot  of  September  and  October,  1898.   A.  Elvins.   (Canad.  Instit» 
Proc.  2. 2.  pp.  85-38,  Sept.,  1899.) — The  author  observed  the  groups  of  the  sun- 
spots  from  September  4,  probably  their  second  day  near  the  eastern  limb,  to 
September  17,  and  again  on  their   reappearance  on   September  27   or  29,. 
missing"  only    a    few    days,    down    to   October    10  ;   on  October    12    the 
spots  had   disappeared.      Sketches  taken   are  reproduced.      The  diameter, 
of  the  great  spot   is  estimated    at    48,000    miles  (sun    diameter   800,000)* 
The  spots  changed  very  much  in  appearance.    As  the  groups  in  the  traia   ^ 
of  the  large  spot  seemed   to  be   drifting  towards  the  latter  in  September 
and  to  precede  it   in  October,  he  considers  that  dark  matter  floating  and 
drifting,  possibly  at  different  levels,  in  the  sun's  atmosphere  cuts  off  the  li^^i 
of  the  photosphere  below.     He  does  not  discuss  the  extreme  agitation  observe 
by  D.  E.  Haddcn  during  two  hours  about  noon,  September  7  :  the  Ha  line  wi 

reversed  and  distortctX,  black  jets  proceeding  from  each  side  in  several  place 
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focal  p]ane  to  cut  off  all  the  light,  except  the  one  wave-length  in  the  double 
spectrum.  The  eye  when  looking  through  this  slit  sees  the  field  of  a  uniform 
cdofir,  but  the  upper  and  lower  halves  are  not  of  equal  intensity.  Adjusting 
the  micrometer  screw  of  one  of  the  slits  makes  the  intensities  equal,  and  the 
relative  widths  of  the  two  slits  gives  the  photometric  comparison  of  the 
source  and  its  image  for  that  particular  wave-length.  The  slits  are  experi- 
mentally standardised  by  placing  a  uniformly  illuminated  surface  opposite 
them  and  photometrically  comparing  the  spectra. 

Besides  the  results  previously  given  the  following  reflecting  powers  are 
also  given  here,  the  figures  being  percentages  : — 


ForX 

450      500 

550 

600 

650 
49-7 

82-1 
84-9 
88 

700  ^fi 

AHoy  of  Brandes  and  Schuncmann 
(41  %  Cu  -h  26  Ni  -f  24  Sn  +  8 
Fe  -h  1  Sb). 
ABovs  of  Ludwig  Mach — 

No.  L  (2  parts  Al  +  1  part  Mg)... 
No.  Vn.  (1  part  Al  +  15  part  Mg) 
No.  XI  I.  (1  part  Al  +  2-76  part  Mg) 

491 

88-4 
88-4 
88*4 

49-8 

88-8 
82-5 
84-5 

48-8 

82-7 
821 
88*8 

47-5 

88 

88-8 

84-5 

54-9 

88-8 

84*4 
88-8 

The  first  of  the  above  alloys  withstands  severe  exposure  to  the  weather, 
ordinary  chemical  reagents  have  no  effect  on  it.  J.  B.  H. 


464.  Total   Reflection,    W.  Voigt.     (Gesell.  Wiss.   Gottingen,    Nachr. 

)fath.-Phys.  Klasse,  1.  pp.  1-88,  1899.) — In  a  former  communication  (Gott. 

Nach.,  1^8)  the  author  has  shown  that  the  phenomenon  of  so-called  total 

reflexion  can  at  least  approximately  be  regarded  as  the  reflexion  of  a  plane 

wave,  whose  amplitude  varies  in  the  plane  of  the  wave,  on  an  opaque  screen, 

which  is  bounded  by  lines  parallel  to  the  lines  of  constant  amplitude  in  the 

plane  of  the  i^'ave.     He  has  also,  following  Sommerfeld,  dealt  with  the  case 

of  a  perfectly  reflecting  screen.    The  fundamental  conception  of  the  present 

p^>er  is  that  an  absolutely  black  screen  may  be  regarded  as  the  surface  of 

separation  in  a  multifold  Riemann  space,  of  which  one  part  represents  the 

physical  space.     A  vibration  excited  in  the  physical  space  passes  out  of  the 

physical  into  another  part  of  the  Riemann  space.    This  effect  of  the  surface 

ci  separation  is  at  least  analogous  to  the  action  of  the  absolutely  black  screen, 

viucli  neither  transmits  nor  reflects  light. 

The  author  discusses  the  definition  of  an  absolutely  black  body.  The 
definition  that  it  neither  transmits  nor  reflects  light,  though  for  some 
pcrposes  sufficient,  is  insufficient  for  the  purposes  of  physical  optics,  because 
it  may  act  in  other  ways  on  light  in  its  neighbourhood.  There  may  then  be 
different  kinds  of  absolute  blackness,  and  the  kind  dealt  with  in  the  present 
paper  is  that  for  which  the  appropriate  Riemann  space  is  twofold. 

A  plane  wave  of  hght  reaches  the  screen,  bounded  by  an  infinite  line 
parallel  to  the  plane  of  the  wave.  The  normal  component  passes  through  the 
into  the  other  part  of  the  Riemann  space  ;  the  other  component 
over  the  screen,  and  there  undergoes  the  variations  which  are  known 

S.  H,  H, 


466.  Asirthfhoiogra^k/c   Ofy'ec//ve.      H.    Harting.      fZeitschr.     In  stru- 
— •-    '1  pp,  a(»--27Z  Sept,  ld9d.)^An  account   of  an  objective   io«^ 
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astro-photographic  -work,  made  from  a  new  silicate  glass  produced  at  the 
works  of  Schott  and  Co.  in  Jena.  The  glass  exhibits  such  unusual  behaviour 
as  to  partial  dispersion  that  the  secondary  spectrum,  so  far  as  concerns  the 
eye,  is  done  away  with,  and  for  the  purposes  of  astro-photography  is  con- 
siderably diminished.  }.  J.  S. 

466.  Portable  Photometer  for  Incandescent  Lamps.  A.  J.  Rowland. 
(Frank.  Instit,  Journ.  148.  pp.  876-888,  Nov.,  1899.)— This  describes  a  photo- 
meter, which  the  author  has  found  especially  good  for  candle-power  of  glow 
lamps.  It  is  a  Bunscn  photometer  with  a  movable  carriage,  holding  the 
usual  grease  spot  and  mirrors.  At  one  end  of  the  instrument  is  a  lamp-holder 
for  the  incandescent  lamp  whose  candle-power  is  to  be  determined ;  at  the 
other  end,  about  6  feet  off,  is  an  oil  lamp.  This  holds  enough  oil  to  burn  for 
four  hours  in  use,  and  for  an  hour  at  a  time  with  practically  no  change  in  its  . 
candle-power  after  once  warming  up  and  being  set. 

The  method  of  working  is  to  put  a  standard  incandescent  lamp  in  the 
holder,  bring  it  to  the  required  voltage  by  means  of  a  rheostat,  to  give  its 
standard  candle-power  of  16.  The  carriage  with  the  grease  spot  is  then  set 
to  this,  and  the  8-candle-power  oil  lamp  is  adjusted  until  the  grease  spot  dis- 
appears. The  standard  lamp  is  then  replaced  by  the  one  to  be  measured,  and 
the  carriage  moved  to  give  the  reading  in  the  ordinary  manner. 

This  method  of  procedure  does  away  with  all  difficulty  due  to  reflection, 
difference  in  quality  of  the  sides  of  the  greased  paper,  difference  of  eye 
sensitiveness,  &c.,  and  does  away  with  them  all  to  such  an  extent  that  a  real 
dark  room  is  not  required  to  get  satisfactory  results.  All  distortions  come  into 
every  measurement  in  exactly  the  same  way,  and  are  negligible.  The 
accuracy  of  a  single  reading  will  be  within  IJ  per  cent.  E.C.  R. 

467.  Standards  of  Light.    S.  E.  Doane.     (Amcr.  Instit.  Elect.  Engin., 
Trans.  16.  pp.  451-463.     Discussion,   pp.  458-461,  Aug.,  Sept.,  1899.)— The 
author  suggests  that  the  incandescent  lamp  should  be  used  as  a  primary 
standard.     In  the  discussion  Steinmetz  pointed  out  that  an  acetylene  stan- 
dard could  be  used  owing  to  the  fact  that  the  gas  can  easily  be  produced  in 
chemical  purity  from  copper  acetylide  Cuj  Ci,  and  that  its  light  is  of  a  perfectly 
white   colour,  equally  suitable  for  incandescent  and  arc  light   photometry,  ■ 
The  amyl  acetate  standard,  the  best  available  at  present,  has  a  great  number  \ 
of  disadvantages,  especially  as  regards  colour.    C.  P.  Matthews  preferred   *  ^ 
the  amyl  acetate   standard  because  of    its  steadiness  and  reproducibility.   '  • 
W.  M.  Stine  pointed  out  that  the  failure  of  the  incandescent  light  as  a     ^ 
standard  is  due  to  its  lack  of  reproducibihty  and  constancy.    The  essential    J 
difficulty  arises  from  the  tendency  of  carbon  to  assume  an  allotropic  form  at    ;j 
|L  very  high  temperature  ;   it  is  also  impossible  to  produce  homogeneous    J 
carbon  filaments  or  to  flash  filaments  until  the  surface  assumes  known  radiating^  ■  i 
qualities.    There  are  other  difficulties  such  as  the  variation  in  the  cmissivi^  **] 
(both  in  the  same  filament  and  between  different  filaments),  the  blackening  of '    ^ 
the  chamber  walls,  their  indefinite  absorption,  and  the  vaporisation  of  the  '^ 
filament.    S.  £.  Doane,  in  replying,  said  that  he  made  a  series  of  investiga-     ° 
tions  and  found  that  carbon  surfaces  of  the  two  kinds  gave  only  two  emissivi^ 
ties  ;  that  is,  all  "  treated  "  carbons  gave  exactly  the  same  illumination  per  unit 
surface  per  watt  radiated.     There  was  absolutely  no  difference  over  wide 

ranges  of  specihc  resistance  and  specific  gravity  of  these  carbon  deposits 

L>cposits  can  be  made  from  any  hydrocarbon,  alcohol,  or  carbonaceous  fluid 

Aoc/  /Ae  light  radiated  per  unit  surface  per  watt  wiW  bti  Wv^  ^ame,        E.  C  R 
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was  measared  by  the  deflections  produced  in  a  form  of  Crookes'  radiometer. 
It  has  been  found  that  under  proper  conditions  the  deflections  are  propor- 
tional to  the  energy  of  the  radiations. 

Observations  were  made  upon  calcium  sulphide.  The  luminosity  of  the 
sulphide  was  found  to  be  proportional  to  the  intensity  of  illumination,  under 
the  conditions  of  the  apparatus.  For  all  wave-lengths  of  exciting  light, 
widths  of  aperture,  and  speeds  of  rotation  which  were  tried,  it  was  found  that 
the  curves  of  intensities  were  straight  lines.  The  results  indicate  that  the 
rate  of  increase  or  of  decrease  at  any  intensity  of  phosphorescence  depends 
apon  the  previous  treatment  which  the  luminous  material  has  undergone. 

J.  J.  S. 
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475.  Radiographic  Vaaium  Tubes,  A.  BugUet  and  V.  Chabaud.  (Comptes 
Rendus,  129.  pp.  591-593,  Oct.  16,  1899.)— Description  of  focus  tubes  with  the 
antikathode  cooled,  at  its  back  surface,  by  a  circulating  stream  of  water.  A.  D. 

478.  RefracUi*c  Indices  of  Crystals.  C.  Viola.  (Zeitschr.  Instrumentenk.  19. 
pp.  376-282,  Sept.,  1899.) — A  new  method  for  determining  the  refractive  indices 
oi  biaxial  crystals  is  described.  The  method  depends  on  the  principle  of  minimum 
deviation,  and  a  prism  is  employed.  It  is  shown  that  this  principle  may  be  made 
oac  of  for  general  purposes.    (See  also  1899,  Abstract  No.  1652.)  J.  J.  S. 

477.  Radiation  Phenomena  in  a  Magnetic  Field.  T.  Preston.  (Nature,  61. 
pp.  11-13.  Nov.  2.  1899.) — A  short  summary  of  some  of  the  results  obtained 
by  the  author  in  his  investigations  on  this  subject,  especially  with  reference  to  their 
date  of  publication.  It  appears  that  the  quartet  form  was  first  observed  by  the 
author  in  1897  and  its  existence  was  independently  proved  by  M.  Cornu  in  the 
fr^lowing  year  and  announced  in  the  Comptes  Rcndus.  (See  Science  Abstracts,  1898, 
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478.  Magneto^ptic  Rotation.  A.  Gray.  (Nature,  60.  pp.  379-381,  Aug.  17, 
and  404—107,  Aug.  24,  1899.) — Discourse  delivered  at  the  Royal  Institution.  An 
account  of  the  phenomena  and  theories  of  magneto-optic  rotation  with  mechanical 
iUastnUions.  J-  J-  S. 

479.  Colour  Photography.  W.  de  W.  Abney.  (Roy.  Instit.,  Proc.  15,  pp. 
cf02-«O9,  Aug.,  1899.) — A  description  of  Ives'  and  July's  processes,  and  the  prin- 
ciples involved.  G.  H.  B. 

480.  Photometry  of  Electric  Incandescent  Lamps.  E.  Liebenthal.  (Zeitschr. 
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Lummer-Brodhun  Plwtomcter.  C.  G.  Knott.  (Phil.  Mag.  49.  pp.  118- 
laa  Jan.,  1900.  Paper  read  before  the  Royal  Society  of  Edinburgh,  Dec.  17,  1899.) 
—Priority  is  claimed  for  W.  Swan  for  the  invention  of  this  photometer,  described 
3T  him  in  1859. 
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Telescope   and   Microscope    Objectives,     A.    Leman.    (Zeitschr.    Instru- 
19.    pp.    272-273,    Sept.,    1899.) — A   discussion    of    fonnuUe  for  use   in 
cakailatioos   applied  to  objectives  of   telescopes   and   slightly  magnifying   micro- 

j.i.a. 
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488.  Thennal  Conductivity  of  Vulcanite.  B.  O.  Peirce.  (Phil.  Mag.  49. 
pp.  15-81,  Jan.,  1900.) — ^To  measure  the  conduction  of  materials  like  vulcanite 
or  glass,  prisms  were  built  up  consisting  of  plates  of  the  material,  separated 
by  layers  of  tin-foil ;  the  faces  of  the  prism  were  kept  in  contact  with  a  steam 
supply  and  a  reservoir  of  ice.  Thermocouples  inserted  between  the  plates 
gave  the  temperature  gradient  and  the  amount  of  ice  melted — the  drip  from 
the  ice  becomes  steady  when  the  experiment  is  continued  for  some  hours — 
gave  the  flow  of  heat.  The  influence  of  the  edges  of  the  prism  was  shown  to 
be  negligible.  The  most  suitable  thermocouple  consisted  of  thin  strips  of 
German  silver  and  copper  soldered  end  to  end.  The  conductivity  of  vul- 
canite varies,  according  to  the  manufacture,  from  0*000200  to  0*000817. 

R.  A.  L. 
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should  be  introduced  into  the  "equation  of  the  reaction-isotherms"  (Nernst, 
Theoretische  Chemie,  Ed.  I.,  p.  510).  The  author  applies  the  corrected  equation  • 
to  the  evaporation  of  water  and  ice.  T.  M.  L. 
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480.  TravcllingGlobular Spark,  S.  Leduc.  (Eel.  6lectr.  21.  pp.  142-148, 
Oct.  28,  1899.  Paper  read  before  the  Assoc.  Frang.  at  Boulogne.)— Two  fine 
polished  metallic  points  arranged  from  5  to  10  cm.  apart,  at  right  angles  to  a 
photographic  plate  or  glossy  gelatino-bromide  paper,  and  connected  with  an 
electrostatic  machine,  will,  especially  if  the  paper  rest  upon  a  piece  of  glass 
and  this  upon  a  plate  of  metal,  produce  an  effluvium  round  the  positive  and 
a  luminous  globule  at  the  negative  point.  When  the  luminous  globule  has 
attained  a  certain  size  it  detaches  itself  from  the  negative  point  (which  be- 
comes dark),  and  travels  over  the  plate  or  paper,  by  a  more  or  less  irregular 
path,  sometimes  dividing  as  it  travels,  towards  the  positive  point.  When  it 
reaches  this,  all  luminosity  is  extinguished  and  the  charges  disappear  as  if  the 
terminals  of  the  machine  had  been  connected  by  a  conductor.  If  the  positive 
point  be  lifted  and  laid  down  at  a  fresh  place  the  phenomena  recur  in  the 
same  order.  The  globule  takes  from  one  to  four  minutes  to  travel  the  5-10  cm. 
•  See  also  1899,  Abstract  No.  451.)  A.  D. 

490-  Analysis  of  Spark  Discharges.  J.  H.  West.  (Elektrotechn.  Ztschr. 
20.  pp.  747-750,  Oct.  26, 1899.) — A  photographic  analysis  of  spark  discharges 
vas  made  by  means  of  a  **  mutograph  "  in  which  the  film  was  made  to  travel 
cootinoonsly  with  a  speed  of  1  to  7  m.  per  second.  The  sparks  were  pro- 
duced with  the  aid  of  a  Wehnelt  interrupter.  They  travelled  along  approxi- 
mately the  same  paths  during  successive  discharges,  but  did  not  succeed  each 
other  regularly.  On  the  negatives  reproduced  the  sparks  differ  greatly  in 
brightness.  Their  diameter  is  not  uniform,  and  they  are  frequently  brighter 
zn  the  middle  than  at  the  ends.  Some  of  the  sparks  are  double  or  multiple, 
but  these  are  not  due  to  two  or  more  simultaneous  discharges,  but  to 
several  sparks  following  in  rapid  succession,  as  shown  by  their  tracks  not 
being  strictly  parallel  but  approaching  each  other  the  closer  the  more  their 
direction  coincides  with  the  direction  of  motion  of  the  film.  Continuous 
current  sparks  do  not  show  these  doublings  or  branchings.  By  direct  vision 
the  author  proves  that  a  duration  of  luminosity  of  about  one-millionth  of  a 
second  suffices  to  produce  a  distinct  visual  sensation.  E.  E.  F. 

491.  Radiations  from  an  Electrified  Point.  S.  Leduc.  (Eel.  Electr.  21. 
pp.  144-145,  Oct.  28, 1899.  Assoc.  Fran?,  at  Boulogne.) — Insulate  one  pole  of  an 
electrostatic  machine,  and  connect  a  fine  point  with  the  other,  preferably  the 
negative.  This  fine  point  presents  a  barely  visible  violet  glow,  but  is  the  seat 
of  po^'erful  non-luminous  radiation,  possessing  all  the  properties  of  ordinary 
-jjtra^violet  rays,  and  capable  of  being  used  for  photographic  purposes.  The 
photographic  image  of  the  source  of  radiation  is  a  point.  The  rays  are  com- 
pletely arrested  by  yellow,  green,  and  red  glass  ;  and  there  is  no  resemblance 
to  Rontgen  rays.  Leduc  proposes  the  use  of  these  rays  in  medical  practice, 
f ,4.,  for  lupus,  as  a  convenient  means  of  applying  the  known  chemical  effect 
'jt  ultra-violet  rays.  A.  D. 

492.  Induction  Coil  Spark  on  Heating  the  Terminals,    F.  J.  Jervis-SmitYi. 
PhiL  Mag.  48.  pp.  477-475^  ^ov„  1899.)— An  Apps  iO-inch  induction  coil,  wllYi 

a  Wehnelt  elecinfytic  break  in  the  primary  circuit ;   the  pointed  conductors 
VOL.  liL  O 
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analogous  to  Camof  s  thermodynamic  cycle.  In  the  first  operation  the  soap- 
bubble  is  extended  infinitely  slowly  while  in  contact  with  a  conductor  of  very 
great  capacity  at  a  potential  Vi.  It  is  then  disconnected,  and  further  extended 
until  the  potential  falls  to  another  potential  Vt.  It  is  then  connected  with 
another  conductor  of  great  capacity  at  potential  Vs  and  contracted,  and  finally 
disconnected  and  further  contracted  until  it  reaches  its  initial  stage.  The 
aothor  shows  that  the  work  done  during  the  cycle  is — 

£(Vi-V,)(r*-r«) 

when  r«,  r«  are  the  radii  of  the  soap-bubble  at  the  beginning  and  the  end  of 
the  first  operation  respectively. 

A  counterpart  of  the  second  law  of  thermodynamics  is  obtained  in  the  pro- 
position that  "  no  process  is  possible  consisting  only  of  a  transfer  of  electric 
energy  from  a  higher  to  a  lower  potential  without  the  absorption  or  giving 
oat  of  work."  The  author  attempts  to  prove  his  conclusions  experimentally, 
but  with  only  partial  success.  Quantitatively  the  conclusions  are,  however, 
corroborated.  £.  E.  F. 

497.  Irreversible  Processes,    M.  Planck.    (Ann.  d.  Physik,  1.  1.  pp.  69- 
122,  Jan.,  1900.) — This  is  an  exposition  of  the  chief  results  of  the  author's 
inve^gations  on  the  significance  of  the  second  law  of  thermodynamics  for  the 
phenomena  of  thermal  radiation,  considered  from  the  point  of  view  of  electro- 
magnetic theory  of  light.    The  phenomena  of  radiation  and  absorption  are 
regarded  as  altogether  electromagnetic,  in  the  sense  of  being  confined  to  the 
oscillation  and  resonance  of  certain  entities  analogous  to  Hertzian  oscillators, 
connected  in  some  way  with  the  atoms  of  matter.     This  implies  that  the 
damping  of  an  oscillator  is  entirely  due  to  its  radiation,  and  not,  for  instance, 
to  Joulean  ^^-aste.    Optically,  a  wave-train  of  light  is  perfectly  defined  when 
its  geometrical  relations,  its  plane  of  polarisation,  its  intensity,  and  its  wave- 
length are  given.    Electromagnetically,  such  a  wave-train  is  by  no  means 
completely  defined,  since,  owing  to  peculiarities  in  the  distribution  of  the 
phases  and  amplitudes  of  the  partial  vibrations,  its  effect  upon  a  resonator 
can  have  an  infinite  number  of  different  values.    The  author  eliminates  this 
difificalty  by  introducing  the  conception  of  "  natural  radiation,"  in  which  the 
energy  is  distributed  with  absolute  irregularity  over  the  different  partial 
oscillations  composing  the  ray.    This  conception  leads  to  the  formulation  and 
proof  of   a  theorem  analogous  to  the  second  law  of  thermodynamics.     In- 
cidentially,  the  author  defines  what  he  calls  the  "  natural  units "  of  length, 
i,  time,  and  temperature,  which  are  independent  of  any  particular  body, 
as  the  earth,  and  solely  founded  upon  the  velocity  of  light,  the  gravita- 
constant,  and  certain  constants  of  radiation.    The  natural  unit  of  length 
thus  calculated  is  4*18  x  10""  cm.,  that  of  mass  is  6*56  X  10~*g.,  that  of  time 
VtS  X  10^^  sec,  and  that  of  temperature  3-50  X  10"deg.  C.    (See  also  1899, 
Abstract  No.  268.)  E.  E.  F. 


Potential  Gradient  in  Siberia.  H.  Benndorf.  (Akad.  Wiss.  Wien., 
S.  bcr.  108.  pp.  841-870,  1899.) — An  interesting  account  of  observations  of 
atmospheric  potential  gradient  at  Tomsk  in  midwinter.  The  practical 
difficulties  are  narrated.  The  results  do  not  fully  confirm  any  existing  theory, 
but  may  be  to  some  extent  harmonised  with  them  if  dry  ice  or  snow  have,  as 
BdUonin  says  it  has,  a  negative-electricity-discharging  sensitiveness  to  light 
about  one-twentieth  that  of  zinc.  A.  D. 
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499.  Atmospheric  Potential  Gradient  in  Egypt.  F.  Exner.  (Akad.  Wiss.  Wien., 
S.  ber.  108.  pp.  371-421,  1899.)— The  author's  formula  dWIdu  =  A/(l  +  K^*) 
where  dXjdu  is  the  normal  atmospheric  potential  gradient  and  po  is  the  pro- 
portion of  water  vapour  in  the  air,  is  now  amply  confirmed.  It  would  seem 
as  if  a  part  of  the  negative  charge  of  the  earth  was  associated  with  water 
vapour,  and  varied  in  its  vertical  distribution.  But  there  are  variations  of 
which  this  gives  no  explanation  :  and  the  effect  of  variations  in  the  intensity 
of  sunlight  and  in  the  temperature  is,  according  to  Quetelet  and  Braun 
respectively,  to  bring  about  such  variations  which,  however,  must  run  closely 
parallel  to  those  associated  with  variations  in  the  water  vapour.  According 
to  Hallwachs,  the  intensity  of  blue  and  ultra-violet  radiations,  J,  affects  the 
potential  gradient  by  promoting  the  direct  discharge  of  negative  charge,  such 
as  that  borne  by  the  earth,  into  the  air ;  and  the  law  of  the  result  is  dV/du  =s 
A/(l  +  k]).  This  effect  is  not  confined  to  metals,  as  was  at  first  thought ;  and 
though  it  is  small  with  rock-surfaces,  these  surfaces  are  great.  In  order  to 
ascertain  whether  water  vapour  or  solar  radiation  is  the  more  effective,  the 
author  instituted  observations  at  Luxor  in  order  to  obtain  data  to  compare 
with  those  previously  obtained  by  him  in  the  damp  atmosphere  of  Ceylon. 
The  data  obtained  are  given  at  length  ;  and  from  these  it  appears  that  nega- 
tively charged  dust  produces  disturbances  in  the  distribution  :  that  in  Luxor 
there  is  a  well-marked  maximum  of  potential  gradient  at  7  a.m.,  and  a  better 
marked  one  at  8  p.m.,  with  intervening  minima  at  3  a.m.  and  at  midday  :  that 
the  average  gradient  is  128  volts  per  metre,  and  the  maxima  and  minima  may 
possibly  be  due  to  regular  fiuctuations  in  the  distribution  of  the  air-borne 
dust  ;  that  in  Ceylon  the  gradient  remains  appreciably  the  same  during  the 
twenty-four  hours,  with  the  exception  of  a  slight  rise  at  midday  :  that  at  Luxor 
the  solar  radiation  is  about  1^  times  as  great  at  midday  and  twice  as  great  in 
the  afternoon  as  it  is  at  Vienna,  Salzburg,  or  Wolfenbiittel,  or,  approximately, 
in  Ceylon ;  that  the  maxima  and  minima  at  night  as  well  as  by  day  tell 
against  Hallwachs'  photoelectric  explanation  of  the  variations  ;  that  the 
absolute  values  of  the  potential  gradient  are  also  in  disaccord  with  it,  as 
also  the  considerations  that  Ceylon  presents  clear  sky  only  in  January  and 
February  ;  and  that  at  Luxor,  with  its  minimum  average  of  128  volts  per  metre, 
the  nature  of  the  surface  is  much  more  favourable  to  photoelectric  effect 
than  that  of  the  vegetation  and  open  sea  of  Ceylon,  so  that  the  potential  gradient 
ought  to  be  less  reduced  in  Ceylon  than  it  is  in  Luxor,  whereas  there  it  is  only 
67  volts  per  metre.  The  photoelectric  theory  would  also  lead  us  to  expect 
the  potential  gradient  to  be  less  steep  at  a  height,  whereas  it  is  steeper.  These 
considerations  put  the  photoelectric  effect  down  to  the  level  of  a  subsidiary 
phenomenon  ;  but  the  data  agree  quantitatively  with  the  water-vapour  theory, 
allowing  that  the  theoretical  average  of  150  volts  per  metre,  with  the  average 
water-vapour  pressure  of  72 mm.  at  Luxor  is  correctly  represented  by  the 
observed  average  of  128  volts  per  metre  which  is  certainly  somewhat  too  low 
on  account  of  the  disturbance  produced  by  negatively  charged  dust.  So  far 
as  observations  have  gone,  the  atmospheric  electric  currents  alleged  to  be  due 
to  insolation,  and  to  bring  back  to  the  earth  the  negative  charges  transferred 
to  the  atmosphere,  are  more  in  accord  with  the  water-vapour  theory  than  with 
the  photoelectric  theory  pure  and  simple.  The  water  vapour  will  itself  carry 
the  negative  charges  and  restore  them  to  the  earth  upon  condensation.  '\ 
Braun's  theory  that  the  potential  gradient  falls  with  rising  temperatures,  ii 
untenable  :  Ceylon  (67  V  per  metre)  has  the  same  temperature  as  Luxop 
(128  V/m) ;  and  in  Siberia  the  potential  gradients  remain  the  same  between 
—  40""  and -h  30°  C.  A.  E 
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5O0.  Atmospheric  Electricity  during  a  Solar  Total  Eclipse,  R.  Lud^vig. 
(Akad.  Wiss.  Wicn.,  S.  ber.  108.  pp.  436-444,  1899.)— Observations  at  Jeur, 
Deccan,  Bombay  Presidency,  during  the  total  eclipse  of  January  22,  1898 ; 
height  600  to  700  metres  ;  apparatus,  Exner's.  The  potential  gradient  fell 
from  150  to  120  volts  per  metre  as  totality  was  approaching,  and  went  on 
falling  to  89  for  80  minutes  after  it  was  over.  The  mean  value  of  the 
potential  gradient  before  the  darkness  was  181  volts  per  metre  ;  water 
vapour,  8*8  mm. ;  temperature,  18*2°  C. ;  potential  gradient,  calculated  from 
Exner's  water- vapour  formula,  184  volts  per  metre.  Potential  gradient  of 
Bombay  (Exner)  64.  The  potential  gradient  clearly  does  not  depend  primarily 
on  the  temperature,  and  in  order  to  support  Elster  and  Geitel's  photoelectric 
theory,  Bombay  being  at  a  lower  level  should  have  had  a  higher  potential 
gradient  than  Jeur,  and  during  an  eclipse  the  potential  gradient  should  have 
risen.  A.  D. 


501,  Balloon  Measurements  in  Atmospheric  Electricity.  J.  Tuma,  (Akad. 
Wiss.  Wien.,  S.  ber.  108.  pp.  227-260, 1899.)— Observations  and  discussions. 
The  leading  features  of  the  observations  were  that  in  some  cases  the  potential 
gradients  were  reversed  between  particular  altitudes,  passing  through  zero 
values  which  in  some  instances  were  adhered  to  for  some  distances,  in  one 

dOO  metres,  so  that  it  seemed  as  if  independently  charged  masses  of  air 
rise  to  the  phenomenon ;  that  the  proportion  of  moisture  in  the  air 
to  have  nothing  to  do  with  this,  and  that  even  the  presence  of  clouds 
not  determine  any  particular  result ;  that  the  curve-lines  obtained  are 
aometimes  very  jerky ;  that  positive  potential  gradients  fall  ofiE  with  increase 
of  altitude  and  therefore  positive  charges  are  accumulated  in  the  atmosphere  : 
and  that  there  was  no  disturbing  charge  on  the  balloon  itself.  Cases  have 
repeatedly  occurred  in  which  captive  balloons  have  caught  fire  on  being 
haoiled  down  :  possibly  because  they  had  acquired  a  high  potential  charge 
which  there  had  not  been  time  to  dissipate,  and  which  produced  a  spark  at 
the  valve.  The  danger  might  be  obviated  by  throwing  down  a  thin  wire  con- 
nected with  the  valve  which  would  make  an  earth  connection  before  the 
balloon  reached  ground.  A.  D. 

502.  Dark  Lightning-Flashes.  "W.  J.  S.  Lockyer.  (Nature,  60.  pp. 
570-574,  Oct.  12.  1899.)— The  author  here  discusses  the  possibility  and 
probability  of  the  objective  existence  of  dark  flashes.  He  remarks  at  the 
outset  that  many  apparent  dark  flashes  as  seen  by  the  eye  are  probably  due  to 
retina  fatigue,  and  so  have  only  a  subjective  existence.  Photography  also 
may  be  deceptive,  owing  to  the  phenomenon  of  photographic  reversal. 
A-  W.  Clayden,  in  1899,  put  forward  the  following  explanation  of  the 
apparent  dark  flashes  shown  by  photography  :  If  the  lens  be  covered  the 
aooment  after  a  flash  has  occurred,  the  developed  image  is  always  bright. 
If,  however,  after  the  flash  has  passed,  the  plate  be  exposed  either  to  the 
continued  action  of  a  feeble  diffused  light  or  to  the  powerful  glare  arising 
from  one  or  more  subsequent  flashes,  then,  on  development,  the  image  of  the 
original  flash  will  probably  come  out  black.  The  present  author  then 
proceeds  to  test  this  explanation  as  appHed  to  a  number  of  very  striking 
photographs  exhibiting  bright  and  dark  flashes.  He  also  took  photographs 
of  ^farks  from  an  induction  coil  with  and  without  subsequent  exposure  to 
i^lit  reflected  from  burning  magnesium.     The  examination   of    all  these 

to  an  entire  corroboratio/i  of  Clayden's  hypothesis.  E.  H.  1? 
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610.  Conductivity  of  Copper.  (Engineering,  68.  p.  804,  Dec.  22, 1899.)— This 
is  the  report  of  a  committee  formed  of  representatives  of  the  Institution  of 
Electrical  Engineers,  the  General  Post  Office,  and  the  principal  manufacturers 
of  rubber  insulated  cables  to  determine  a  standard  of  conductivity  of  copper. 

The  committee  resolved  ;  (1)  That  Matthiessen's  standard  of  0*163858 
standard  ohms  resistance  for  a  wire  1  metre  long,  weighing  1  gramme  at 
60^  F.  be  taken  as  the  standard  for  hard  drawn  high  conductivity  commercial 
copper.  (2)  That  hard  drawn  copper  be  defined  as  that  which*  will  not 
elongate  more  than  1  per  cent,  without  fracture.  (3)  That  Matthiessen's 
standard  of  0*150822  standard  ohms  resistance  for  a  wire  1  metre  long, 
weighing  1  gramme  at  60°  F.  be  taken  as  the  standard  for  annealed  high 
conductivity  commercial  copper.  (4)  That  copper  be  taken  as  weighing 
555  lbs.  per  cubic  foot  at  60°  F.,  which  will  give  a  specific  gravity  of  8*912. 
(5)  That  Messrs.  Clarke,  Forde,  and  Taylor's  temperature  coefficient,  as 
published  in  their  pamphlet,  dated  February  20,  1899,  be  adopted,  and  that 
an  average  coefficient  of  0*00238  per  degree  Fahrenheit  be  adopted  for  com- 
mercial purposes.  (6)  That  the  resistance  and  weight  of  conductors  be 
calculated  from  the  actual  length  of  the  wires.  (7)  That  a  lay  of  twenty 
times  the  pitch  diameter  be  taken  as  the  standard  for  the  calculation  of  tables. 
(8)  That  2  per  cent,  variation  of  resistance  or  weight  be  allowed  in  all 
conductors.  (9)  That  an  allowance  of  1  per  cent,  increased  resistance,  as 
calculated  from  the  diameter,  be  allowed  on  all  tinned  copper  between 
Nos.  22  and  12  gauges  inclusive.  W.  G.  R 

611.  Thermo-magnetic  Transverse  Effect  in  Bismuth,  E.  Yamaguchi. 
(Ann.  d.  Physik,  1.  1.  pp.  214-224,  Jan.  1900.)— When  a  plate  of  bismuth  is 
traversed  by  a  current  of  heat  and  at  the  same  time  exposed  to  a  magnetic 
field  at  right  angles  to  its  plane,  an  E.M.F.  is  generated  in  the  plate  in  a 
direction  normal  to  the  heat  current.  If  a  man  were  to  stand  in  the  magnetic 
lines  of  force  so  that  they  proceeded  from  his  feet  to  his  head,  and  were  to 
look  in  the  direction  of  the  heat  current,  the  E.M.F.  would  be  directed 
towards  his  right  hand.  This  effect  has  been  termed  the  thermo-magnetic 
transverse  effect  .by  its  discoverers,  Ettinghausen  and  Nernst.  Symbolically, 
the  effect  is  approximately  governed  by  the  equation — 

" — 4I"«" 

where  q  is  the  E.M.F.,  j3  the  distance  between  the  terminals  of  the  circuit,  and 
Q<»  a  function  of  the  temperature.  Putting  HQ,=  m,  it  is  found  that  m  is 
nearly  proportional  to  the  increase  of  resistance  experienced  by  bismuth  in 
the  magnetic  field.  In  his  experiments  on  this  subject  the  author  finds  that 
both  these  quantities  increase  very  rapidly  at  the  lowest  temperatures,  being 
doubled  or  trebled  as  the  temperature  falls  from  30°  to  120°.  For  a  full 
elucidation  a  better  knowledge  of  the  thermal  conductivity  of  bismuth  is 
essential.  E.  E.  P. 

612.  Measurement  of  Weak  Self-Inductions,  A.  Blondel.  (Eel.  Electr.  21. 
pp.  138-141,  Oct.  28, 1899.  Paper  read  before  the  Assoc,  f rangaise,  Boulogne.) 
— Most  of  the  methods  in  use  are  defective  in  that  they  require  a  Wheatstone 
bridge,  the  coils  of  which  themselves  have  both  self-induction  and  capacity. 
The  author  utilises  the  property  of  torsion  electrodynamometers,  that  if  t^ 
fixed  and  the  movable  coils  are  respectively  traversed  by  currents  similar  baf 
differing  in  phase  by  J  period,  the  electrodynamic  couple  is  zero.     He  make 

the  two  coils  rectangular,  one  with  its  longer  and  the  other  with  its  shorte 


ELECTRICITY.  193 

sides  verticaL  Method  1. — Put  the  one  coil  in  series  with  the  self-induction 
to  be  measured  ;  the  other  in  series  with  an  adjustable  standard  self-induction ; 
supply  the  respective  coils  with  currents  differing  90°  in  phase ;  adjust  the 
standard  until  there  is  no  deflection  in  the  electrodynamometer  and  observe 
the  value  Li ;  the  time  constants  of  the  two  circuits  are  then  equal.  Then 
take  out  the  self-induction  which  is  being  measured,  and  again  adjust  until 
theie  is  no  deflection  in  the  electrodynamometer  :  the  adjustable  self-induction 
now  stands  at  L}.  Let  R  be  the  resistance  of  each  of  the  coils  of  the  electro- 
dynamometer, L  the  self-induction  of  each — there  is  no  mutual  induction — 
r  the  resistance  of  the  coil  under  investigation,  r'  that  of  the  standard  of  self- 
inductance.    Then — 

LH-Lt      L-h.y    L-f  U      L 

R-hr'^^R-hr'    R-hr'""R' 

whence  the  required  self-induction  of  the  coil  under  examination  is — 

R(r+OL,  -fCR-f  r)rX, 
r'(R-l-r') 

Method  2. — Instead  of  using  an  adjustable  standard  of  self-induction,  put 
known  resistances  in  one  or  other  circuit  to  equalise  the  time-constants  ;  but 
in  that  case  the  resistances  must  be  dead  and  be  able  to  carry  ^  ampere,  so 
as  to  keep  down  the  impedance  in  the  electrodynamometer.  Put  the  coil 
investigation  in  one  of  the  circuits :    if  (using  the  same  symbols  as 


X      L 

before)  ->  n*  Put  an  additional  resistance  R'  in  the  same  circuit;  if  it  be 
r      K 


i 


pot  this  in  the  other  circuit.    When,  in  the  former  case,  the  apparatus  is 
brooght  to  zero  by  adjusting  R',  we  have — 

L-h.v  L 

R-|-r-HR'""R' 

""  :r-L^+^' 

^-L_j^_, 

and  if  L  be  known,  x  is  easily  determined.     In  the  latter  case 

hJfX  L 

R-hr— R-hR" 

whence —  ^_r  r— R' 

""-^R+R' 

If    the    two  currents   are    supplied  under   equal  electromotive  forces,  the 
deformation  of  the  curves  are  similar,  and  the  currents  are  similar.    A.  D. 

513.  Electric  Units.  A.  Blondel.  (Eel.  Electr.  21.  pp.  7-11,  Oct.  7,  1899. 
Paper  read  before  the  Assoc.  Frang.  at  Boulogne.) — Attention  is  drawn  to 
the  grave  practical  inconveniences  arising  from  the  coexistence  of  the  c.g.s. 
and  the  practical  system  of  units.  The  practical  units  bear  varied  relations 
to  the  c.g.s.  units,  as  this  conspectus  shows  : — 

Multiples  of 
C.G.S.  Units. 

Microfarad 10  »^ 

Micro-ampere,  micro-coulomb  10  ' 

Microvolt    .- 10» 

Watt,  Joule 10' 

Qnadrant,  Ohm,  Hectowatt,  Henry 10» 

Megcrfmi 10**  &c. 
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The  author,  after  combating  it,  now  falls  in  with  the  suggestion  of  the 
American  Institution  of  Electrical  Engineers  that  the  systems  of  units  should 
be  based  upon  the  c.g.s.  units,  and  extends  it  to  electrical  quantities  as  well  as 
to  magnetic.  His  present  scheme  is  shown  in  the  following  table,  in  which 
sufficient  terms  are  entered  to  show  in  what  manner  the  various  prefixes  are 
used : — 


NAMES  OF  UNITS. 

SubmulUpICB. 

CO.S.  Units. 

Multiples. 

Xo-14 

io-» 

10-* 

10-' 

10' 

w 

10» 

10" 

Current    ' 
Strength 
Potential 

Catbofialva 

Hrpogalva 

Mkragalva 

MiUigalva 

Galva 

Kilogalva 

Megagalva 

Hypergalva 

•«• 

•  ■• 

•»• 

••» 

Prank 

... 

••• 

•  •• 

«•• 

Resiitance 

••• 

••• 

••• 

••• 

Thorn 

Kllothon 

•  •• 

Hypcrtbom 

AnotbocD 

Quantity 

•  •• 

Hypopoiwon 

••• 

••• 

Pmseon 

■  •• 

•  ■• 

•  •• 

•  •• 

Power 
EaenOr 

... 

... 

••• 

••• 

Max 

••» 

••• 

•  •• 

••• 

•  •• 

••• 

— 

Erg 

•  •• 

Mcgerg 

Hypererg 

••• 

Indsxtancc 

... 

••• 

••• 

••• 

Helm 

••• 

•  •• 

•  •• 

••• 

Capacity 

Catharag 

••« 

••• 

••• 

Arag 

••• 

••• 

••• 

••• 

Under  this  system  of  nomenclature  we  would  say  11  hyperf ranks  instead 
of  110  volts,  10  galvas  instead  of  100  amperes,  and  we  would  say  hyperthoms 
instead  of  ohms  and  hypermaxes  instead  of  hectowatts.  Medical  men,  instead 
of  1  to  200  milliamperes,  would  use  currents  of  from  0*1  to  20  milligalvas. 
Perhaps  the  public  would  find  hyperfrank  and  hyperthom  to  be  rather  long 
words  :  but  some  such  words  would  have  to  be  used.  The  French  Association 
(physical  section)  approved  in  principle  of  the  suggestion.  A.  D, 

614.  Contact  Electricity.  F.  S.  Spiers.  (Phil.  Mag.  49.  pp.  70-90,  Jan., 
1900.  Paper  read  before  the  Physical  Society.) — The  object  of  this  investiga- 
tion was  to  determine  the  part  which  the  surrounding  medium  plays  in  the 
contact  force  of  metals,  special  regard  being  paid  to  the  films  of  air  condensed 
on  the  plates.  The  experiments  were  carried  out  in  vacuo.  The  apparatus 
first  employed  was  constructed  on  the  principle  used  by  Ayrton  and  Perry  in 
their  researches.  This,  however,  was  found  to  be  difficult  to  work  with,  and 
was  therefore  replaced  by  apparatus  in  which  the  plates  were  magnetically 
separated  for  each  measurement,  the  P.D.  being  measured  by  Kelvin's  com- 
pensation method.  Heating  in  high  vacua  of  air  merely  gave  results  due  to 
oxidation.  The  air  was  therefore  replaced  by  hydrogen,  the  couple  bein^ 
platinum-aluminium.  But  the  author  found  that  "  even  in  a  high  vacuum  d 
pure  dry  hydrogen  at  the  minute  pressure  of  jj^xhsts  nm^-  o^  mercury,  and 
after  four  washings  in  that  gas,  there  is  still  sufficient  oxygen  present  to 
completely  oxidise  the  surface  of  an  aluminium  plate,  if  it  be  only  brought  tO 
a  sufficiently  high  temperature."  It  was  therefore  decided  to  remove  the  air'] 
films  chemically.  For  this  purpose  a  platinum-iron  couple  was  used.  Th* 
glass  containing-tube  was  washed  out  four  times  with  hydrogen,  and  themj 
heated  a  number  of  times  to  about  800°  C.  A  steady  value  was  not  easit 
obtained,  but  the  final  result  was  that  the  P.D.  fell  from  +0-87  to  —  01J 
which  the  author  regards  as  the  true  value  of  the  volta  effect  between  ire 
and  platinum  in  an  atmosphere  of  hydrogen.  On  admitting  a  small  quanti 
of  air  the  value  slowly  varied  towards  a  positive  value,  and  on  heating 
accelerate  the  change  it  rose  to  +  0*22.  Further  heating  reduced  this  figi 
to  zero,  owing  to  oxidation,  »  W.  R 
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615.  Hissings  of  (he  Arc.  Mrs.  Ayrton.  (Instit.  Elect.  Engin.,  Journ. 
2a  pp.  400-480.  Discussion  481-450,  1899.>—A  change  taking  place  in  the 
electric  arc  may  manifest  itself  in  three  ways  :  (1)  By  emitting  various  sounds 
or  by  becoming  silent ;  (2)  By  changes  in  its  electrical  measurements ;  and 
(3)  By  an  alteration  in  the  appearance  of  the  crater,  the  arc,  and  the  carbons. 
The  two  sounds  of  the  arc  which  possess  significance  are  the  hum  and  the 
kiss.  The  humming  sound  is  heard  when  the  arc  is  just  on  the  point  of 
hissing  or  ceasing  to  hiss,  although  it  is  possible  for  an  arc  to  jump  suddenly 
irom  the  silent  to  the  hissing  state,  or  vice  versa.  The  paper  deals  with  the  arc 
in  this  transition  stage,  viz.,  from  silence  to  humming  and  from  humming  to 
hissing.  No  difference  in  the  electrical  measurements  is  noticed  whether  the 
arc  is  silent  or  humming.  The  hissing  of  the  arc,  which  is  accompanied  by 
considerable  changes,  is  dealt  with  more  particularly. 

Sets  of  curves  are  given  for  direct-current  open  arcs,  showing  the  variation 
of  the  P.D.  (between  the  carbons),  with  the  current  strength,  for  various 
constant  lengths  of  arc,  both  silent  and  hissing.    These  curves  show  that : — 

1.  A  silent  arc  of  constant  length  may  be  made  to  hiss  by  increasing  the 
current  strength. 

2.  A  silent  arc  with  constant  current  may  be  made  to  hiss  by  shortening 
the  arc. 

3.  When  hissing  commences  the  P.D.  falls  suddenly  about  10  volts,  and  a 
sadden  rise  in  current  also  takes  place. 

4.  The  largest  current  that  will  maintain  a  silent  arc  is  greater  the  longer 
the  arc 

5.  For  the  hissing  arc,  the  P.D.  is  constant  for  a  certain  length  of  arc, 
whatever  the  value  of  the  current. 

The  author  proves  from  the  curves  of  actual  experiments  that  for  each 
pair  of  carbons  the  current  that  will  sustain  a  normal  silent  arc  has  a  maximum 
value,  and  that  any  current  greater  than  this  will  make  the  arc  hiss,  however 
long  it  may  be.  It  is  also  shown  that  with  the  hissing,  as  with  the  silent  arc, 
a  straight  line  law  connects  the  P.D.  between  the  carbons  with  the  length  of 
the  arc  ;  the  difference  between  the  law  for  silent  and  for  hissing  arcs  being 
that,  with  silent  arcs  the  law  holds  only  for  constant  currents  or  for  currents 
at  the  hissing  point,  whereas  with  hissing  arcs  it  holds  whatever  the  current 
may  be,  since  the  P.D.  between  the  carbons  of  a  hissing  arc  is  constant  for  a 
certain  length  of  arc,  irrespective  of  the  current  strength.  Also  from  these 
cnnres  it  is  shown  that  the  longer  the  arc  the  less  does  the  P.D.  between  the 
cjrbons  diminish  when  it  changes  from  silence  to  hissing. 

Experiments  were  made  on  the  distribution  of  the  fall  of  pressure  in  the 
arc  itself,  Luggin's  results  of  1889  being  confirmed,  viz.,  that  the  maximum 
part  of  the  diminution  of  P.D.  is  between  the  positive  carbon  and  the  arc 
itself.  In  a  hissing  arc  about  two-thirds  of  the  total  diminution  is  accounted 
ior  at  this  point,  the  remaining  third  appearing  to  be  due  to  a  lowering  of  the 
resistance  of  the  arc  itself.  The  author  found  that  the  value  of  the  smallest 
hissing  current  depended  on  the  circuit  outside  the  arc,  or  the  sudden  increase 
of  current  when  hissing  begins  equals  the  product  of  the  sudden  diminution 
of  the  P.D.  into  the  conductance  of  the  circuit  outside  the  arc. 

The  electrical  measurements  of  hissing  arcs  being  dealt  with,  the  author 
next  considers  the  appearance  of  the  crater,  arc,  and  carbons. 

The  cii£ferent  changes  in  appearance  are  described,  from  that  of  a  low- 
corrent  silent  arc  in  which  the  current  is  gradually  increased  to  that  of  a 
haminiog  and  finally  a  hissing  arc.  Illustrations  are  given  showing  the 
shape  of  the  carbons  and  the  distribution  of  colours  in  the  arc  a^ 
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these  different  stages.  The  most  important  change  in  the  arc  is^on  the 
commencement  of  hissing,  when  the  negative  begins  to  form  a  "  mushroom  " 
at  its  tip  and  the  crater  on  the  positive  more  than  covers  the  tip  of  the  carbon. 
The  positive  carbon  changes  to  such  an  extent  with  different  conditions  of 
burning,  that  it  is  quite  possible  to  state  the  conditions  under  which  a  normal 
arc  has  burnt  from  the  appearance  of  the  positive  carbon.  The  hissing  of  the 
arc  is  caused  by  air  coming  in  contact  with  the  crater,  and  is  due  to  the  carbon 
burning  instead  of  volatilising.  A  silent  arc  is  changed  at  once  into  a  hissing 
arc  when  the  flame  of  the  arc  leaves  the  end  of  the  positive  carbon  and  burns 
on  the  vertical  sides,  the  air  being  able  to  enter  the  crater  itself,  thus  producing 
the  hissing  by  causing  a  part  of  the  heated  carbon  to  burn.  This  conclusion 
was  arrived  at  after  many  experiments.  With  perfectly  enclosed  arcs  no 
hissing  could  be  produced ;  open  arcs  were  made  to  hiss  by  having  gases 
introduced  into  the  crater  of  the  arc  through  a  tubular  positive  carbon.  With 
air  or  oxygen  thus  admitted  into  an  open  silent  arc  all  the  peculiarities  of  a 
hissing  arc  were  produced,  and  also,  to  a  less  extent,  with  hydrogen.  With 
carbon-dioxide  or  nitrogen  no  hissing  was  produced.  The  same  gases,  when 
introduced  into  the  crater  of  an  enclosed  arc,  produced  similar  results,  with 
the  exception  of  hydrogen,  which  produced  no  hissing.  With  both  open  and 
enclosed  arcs  no  hissing  was  produced  by  any  of  the  gases  when  introduced 
through  the  negative  carbon  gently ;  but  when  forced  through,  hissing  was 
produced  and  the  arc  blown  out. 

Another  reason  for  believing  that  hissing  is  caused  by  access  of  air  to  the 
crater  is  that  the  green  colour,  seen  on  the  outside  only  of  a  silent  arc,  is  to  be 
found  inside  in  the  case  of  a  hissing  arc. 

The  reading  of  the  paper  was  followed  by  a  lengthy  discussion.      E.  D.  P. 

616.  Electrical  Instruments.  W.  E.  Ayrton.  (Instit.  Civ.  Engin.,' 
Proc.  138.  pp.  481-485,  Oct.,  1899 ;  also  Engineer,  87.  p.  611.)— The  five 
most  important  metals  employed  in  the  construction  of  electrical  instruments 
are  copper,  iron,  steel,  phosphor-bronze,  and  some  alloy  of  high  resistivity. 

For  use  in  central  stations  or  wherever  there  is  a  comparatively  strong 
magnetic  field,  instruments  should  be  used  whose  action  depends  upon 
the  motion  of  a  coil  in  a  strong  magnetic  field  so  as  to  eliminate  as  nearly 
as  possible  errors  due  to  variation  of  field  from  external  causes.  Direct 
reading  ohm-meters,  measuring  up  to  50  meghoms,  can  now  be  obtained ; 
but  apparatus  is  also  needed  for  enabling  the  insulation  of  an  electric  ' 
light  cable  to  be  tested  where  laid.  At  present  cable  is  often  supplied  ' 
which,  although  possessing  only  a  fraction  of  the  specified  insulation,  is 
accepted  because  suitable  testing  apparatus  can  be  used  only  in  a  labonK 
tory.  W.  G.  It  ; 

617.  Dynamo-Static  Machine.    E.  Thomson.     (Mech.  Eng.  4.  p.  689^ 
Nov.  4,   1899.    Abstract    of    a    Lecture    delivered   before  the    New    York 
Electrical    Society.) — This  machine    consists  partly  of    a    motor    dynamo^?] 
such  as  is  obtained  by  taking  an  ordinary  continuous  current  motor  and'j 
tapping  the  winding  so  as  to  obtain  alternating  currents.    To  effect  thi 
two  of  the  commutator  segments  are  connected  to  a  pair  of  insulated  met 
rings  on  the  shaft.    The  alternating  current  brushes  are  connected  to  th 
terminals  of  the  primary  winding  of  a  step-up  transformer.     Driven  by  tt 
shaft  of  the  machine  is  a  frame  of  insulating  material,  having  at  one  sii 
3  pair  of  metal  strips  which  periodically  connect  the  high  potential  secondai 

terminals  of  the  step-up  transformer  to  the  plus  and  minus  coatings  o£ 
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set  of  condensers  in  parallel.  These  connections,  to  avoid  noise  and  friction, 
are  made  without  actual  contact ;  that  is,  over  a  small  spark-gap.  The 
revoli'ing  frame  is  so  adjusted  that  the  charging  shall  be  completed  only 
;it  the  tops  of  the  waves,  and  then  a  higher  potential  is  available  for  charge. 
The  revolving  frame  carrying  the  charging  strips  also  carries  a  set  of 
series  connectors,  whereby,  after  the  charging  strips  have  withdrawn  from 
proximity  to  the  stationary  contacts  led  from  the  condenser  plates,  these 
contacts  are  connected  in  scries,  and  the  terminals  discharge  across  a 
«-ide  iir-gap.  The  length  of  spark  is  governed  by  the  number  of  condenser 
plates  and  the  potential  of  the  charging  current. 

The  author  has  added  a  further  attachment  whereby  Leyden  jar  batteries 
RUT  ho  charged,  and  with  this  attachment  the  machine  may  be  used  to  excite 
the  stctors  of  large  influence  machines  in  all  states  of  the  weather.  This 
ariiichment  consisls  of  a  revolving  connector  covering  a  wide  gap  between 
tie  terminals  or  end  condenser  coatings  and  a  stationary  insulating  ball 
nr  conductor.  This  connector  itself,  consisting  of  a  pair  of  balls  or  rounded 
sqrfaces  connected  b)'  a  wire,  is  insulated  and  synchronously  bridges  the  gap 
at  several  inches  I>etween  the  end  condenser  terminal  and  the  insulated 
bull.  The  time  of  making  this  connection  coincides  with  that  of  the  series 
ccnncction  madi:  by  the  revolving  frame.  The  insulated  ball  is  thus 
-vnc>ironou:>ly  charged,  while  the  opposite  terminal  of  the  apparatus  may 
he  put  to  earth.  The  ball  may  be  made  citlier  positive  or  negative  by 
<:hjnging  the  alternating  current  connections  from  the  collector  rings  to 
ihc  primary  of  the  step-up  transformer.  A  Leyden  jar  battery  may  be 
Lhjrytd  bv  connecting  its  interior  coating  with  the  insulated  ball,  and 
;:-  c^Itrior  to  earth,  or  to  the  opposite  terminal  of  the  apparatus  ;  and 
i"'.:n  the  charged  jar  condenser  a  string,  dipped  in  very  weak  acid,  or 
rjKbed  in  graphite,  may  he  made  the  means  for  conveying  the  jar  charge 
-;.-iwl>-  to  a  prime  conductor  for  weak  or  thin  spiu-ks,  whereby  the  effects 
■t  a  Malic  machine  may  be  closely  reproduced.  W.  G.  R. 

518.  AlUniaU-Ciirrcat  Cunt-Tracer.  W.  Peukert.  (Klcktroltchn. 
/f>.ir.  -20.  pp.  622-628,  Aug.  31,  1B99.)— Tlie  Joubcrl  contacl-disc  is  not 
ivjj^ittd  directly  on  the  spindle  of  the  alternator,  but  is  connected  to  it 
."■v  nicans  of  toothed-wheel  gearing,  the  numbers  of  teeth  in  the  consecutive 
n'KrcU  '  of  which  there  are  four)  being  so  chosen  that  the  contact-disc  revolves 
*:  a  -.^tnewhat  higher  speed  than  the  alternator.  The  arrangement  is  thcrc- 
]  .<•:  t'l^iivalenf  to  a  device  (such  as  that  due  to  Barr.  Burnie,  and  Kodgers) 
:  r  -2oivlv  moving  the  instantaneous  contact -brush,  and  thus  enabling  the 
TTc  lo  be  traced  out  in  a  very  short  time.  A.  H. 

519.  Currctti  Produced  in  an  Induction  Coil  by  a  I'araboUc  Wave  of  E.M.F. 
A.  Russell.  '  Elect.  Rev,  45.  pp.  744-745,  Nov.  10,  1699.)— In  this  paper 
-ir  author  gives  theoretical  proofs  of  the  following  results  : — 

1     If    nx-  have  a  sine  wave  and  a  parabolic  wave  of  E.M.F.  giving  the 

■ise    elective  volts,  then  the  parabolic  wave  is  more  flattened  than  the 

I      -^t  wave.    The  maximum  ordinate  of  the  sine  wave  is  about  8  per  cent. 

[       .:,Eber  than  the  maximum  ordinales  of  the  parabola.    (2)  The  ratio  of  the 

I     ccs  of  the  parabola  to  the  area  of  the  sine  curve  is  r014.    This  also  gives 

Vjt  ratio  of  the  maximum  values  of  the  choking  coil  currents.    (8)  If  both 

*xces  be  ^plied  separately  to  a  non-inductive  resistance,  the    elective 
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then  the  current  produced  by  the  sine  wave  will  be  the  greater.  If  they 
be  applied  to  a  condenser  the  current  produced  by  the  parabolic  wave 
will  be  the  greater.  (4)  For  an  inductive  coil  the  power  factor  is  always 
greater  for  the  sine  curve,  and  the  impedance  and  reactance  are  both  greater 
for  the  parabola.  (5)  The  impedance  for  the  parabolic  wave  is  not  of  the 
form  >/R*  +  ^*L*  where  p  is  some  function  of  the  frequency.  In  this  case 
also  the  angle  whose  cosine  equals  the  power  factor  is  not  in  general  the 
angle  of  time  lag  of  the  current  curve  behind  the  E.M.F.  cur\»e.         W.  G.  R. 


620.  Theory  of  the  Power  Factor,    A.  Russell.    (Electrician,  44.  pp.  49-50, 
Nov.  8,  and  7^78,  Nov.  10, 1899.)— The  power  factor  is  defined  as— 


I 


eidt 


where  e  and  i  denote  the  instantaneous  values  of  the  volts  and  amperes,  i 
is  the  time  in  seconds,  and  T  the  period  of  the  alternating  current  The 
author  shows  that  the  power  factor  is  not  necessarily  unity  if  the  values  of 
c  and  i  are  always  simultaneously  zero,  but  that  its  value  depends  upon. 
their  wave  forms.  Taking  the  current  wave  to  be  a  sine  curve,  numerical 
values  of  the  power  factor  are  calculated  for  various  forms  of  the  E.M.F, 
wave  :  these  results  are  tabulated  thus  : — 


Wave  Fonn  of 
E.M.F.  curve. 


Maximum 
value  of  e. 


Height  of 

Centre  of 

Gravity  of 

Wave. 


Rectangle...... V 

Parabola  I    1870  V 

Sine  Curve   1-414V 

I 

Triangle   1-782V 

Inverted   Parabola  \    2*286  V 

Inverted  Cubics  ...  2*646  V 


0*5  V 
0*5476  V 
0*5562  V 
0*5778  V 
0*6708  V 
0*7560  V 


PowerFactor 

cos  ^,  with 

I  sin  pt  for 

Current. 


0*9008 
0*9995 
10000 
0*9928 
0-9822 
0*8628 


0  in 
Degrees. 


Power  Factor 

with 

I  sin  {pt—a) 

for  Current. 


J 

.1 


25*8 
2*2 
0 

6*75 
212 
80*4 


0*9008  cos  4 
0*9995  cos  I 

cos  a 
0*9928  cos  I 
0*9822  cos  r>^ 
0*8628  cos  I 


Thus  if  COS0  is  the  power  factor  when  a  is  zero,  cos  0  cos  a  is  its  valutf^J 
for  any  given  value  of  a.    The  paper  is  summarised  as  follows: — 

1.  If  the  power  factor  of  a  circuit  is  unity,  then  the  potential  dififerem 
and  current  waves  are  similar  curves,  i.^.,  the  value  of  the  volts  divide 
by  the  value  of  the  amperes  at  any  instant  is  constant. 

2.  If  the  potential  difference  wave  be  flat  and  the  current  wave  peal 
or  vice  versa,  then  the  power  factor  may  be  small,  even  if  there  be  i 
time  Jag  between  them. 

8.  It  is  convenient  for  graphical  purposes  to  define  the  phase  difFereo 
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between  two  {>eriodic  functions,  /(/)  and  F(/)i  as  an  angle  ^  given  by  the 

equation — 

•T 


cos^  = 


jnt)F{()dt 


(J^{/(0}*'f'fiF(0}w)* 


4.  If  either  the  current  or  potential  difference  wave  is  a  sine  curve,  and 
the  other  is  a  symmetrical  curve,  then  the  power  factor  equals  cos  (f>  cos  a, 
where  cosf  is  the  power  factor  between  them  when  there  is  no  time  lag 
and  m  is  the  angle  of  time  lag.  W.  G.  R. 

621.  Half-Ring  Electromagnet  H.  du  Bois.  (Ann.  d.  Physik,  1.  1. 
pp.  199-206,  Jan.,  1900.) — ^The  ring-electromagnet  described  by  the  author 
yields  a  field  of  some  40,000  units  over  a  space  of  several  millimetres.  By 
using  micromagnetic  appliances  with  dimensions  of  the  order  of  0*1  mm., 
the  values  51,600  for  H  and  74,200  for  B  were  obtained.  But  the  whole 
apparatus  weighs  5  cwt  and  uses  5  kw.  The  author  has  therefore  con- 
structed a  lighter  type,  by  reducing  the  linear  dimensions  20  per  cent. 
and  cutting  off  the  lower  third  of  the  ring,  which  is  replaced  by  a  bedplate. 
Eicitatton  is  made  by  eight  magnetising  coils,  with  an  interval  between 
the  highest  and  the  second  on  each  side,  which  allows  the  observer  to 
two  plugs  running  along  the  magnetic  axis,  and  thus  expose  the 
lor  polarisation  and  other  experiments.  The  power  consumed  in  this 
type  is  1*44  kw.  In  another  type,  which  is  still  smaller,  the  power  consumed 
is  256  volts,  the  weight  is  25  kgm.,  the  height  of  the  axis  above  the  table 
is  25  cm.,  the  number  of  turns  2,000,  the  resistance  4  ohms,  and  the  in- 
ductance 60  henries.  The  efficiency  of  these  half-ring  electromagnets  is, 
if  anjrthing.  greater  than  that  of  the  whole-ring  instrument,  the  field  furnished 
hv  the  heavier  type  being  36,000  units,  and  by  the  lighter  type  20,000  units. 

E.  E.  F. 


Magnetic  Properties  of  the  Elements,  J.  Koenlgst>erger.  (Ann.  d. 
Physik.  1.  1.  pp.  175-177,  Jan.,  1900.)— The  author  considers  it  as  definitely 
proved  that  a  compound  formed  of  two  diamagnetic  substances  may  be  itself 
paramagnetic,  and  instances  the  cases  of  cuprous  sulphide,  selenide,  and 
phosphide.  A  connection  can  be  traced  between  atomic  magnetism  and 
atomic  volume,  but  this  connection  is  complicated  by  the  anomalous  position 
of  tin.  The  author  regards  the  magnetic  susceptibility  of  water  as  undeter- 
mined as  yet,  and  thus  throws  a  doubt  on  all  data  obtained  from  aqueous 
Mlaticn:&.  Wire-drawing  has  a  well-marked  effect  upon  the  magnetic 
susceptibility  of  a  metal  in  certain  directions.  E.  E.  F. 

023.  Molecular  Magnetic  Susceptibilities.  O.  Liebknecht  and  A.  P. 
Wills.  (Ann.  d.  Physik,  1.  1.  pp.  178-188,  Jan.,  1900.)  H.  du  Bois  and 
O.  Liebknecht.  (Ann.  d.  Physik,  1.  1.  pp.  189-198,  Jan.,  1900.)— The  first 
paper  deals  with  the  magnetic  susceptibilities  of  paramagnetic  salts  of  the 
iron  group,  including  haloids,  sulphates,  nitrates,  and  alums,  of  chromium, 
;,  iron,  cobalt,  nickel,  and  copper.  The  susceptibilities  show  an 
from  chromium  to  manganese,  and  a  subsequent  gradual  fall  from 
ferric  iroo  to  cobalt,  nickel,  and  copper.  Jager  and  Meyer's  series  of  atomic 
6  :5  :4 :2  for  Mn,  Fe,  Co,  'Si,  respectively  is  only  very  rougYvVj 
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confirmed,  but  some  of  the  discrepancies  may  possibly  be  due  to  the  nickel 
salts  containing  some  cobalt. 

In  the  second  paper  the  molecular  susceptibilities  of  several  rare  earths  are 
studied,  including  those  of  yttrium,  cerium,  praseodymium,  neodymium, 
samarium,  gadolinium,  erbium,  and  ytterbium,  all  of  Swedish  preparation.  In 
contradistinction  to  the  iron  group  of  elements,  there  is  here  a  gradual  rise  of 
susceptibilities  from  the  beginning  of  the  series  to  erbium,  and  a  sudden  fall 
to  ytterbium,  the  two  last  values  being  003668  and  000711  respectiv  ly. 
Among  important  substances  yet  to  be  tested  are  titanium,  vanadiuir  nd 
perhaps  thorium  ;  and  molybdenum,  tungsten,  and  uranium  in  the  iron  group. 
The  difficulty  encountered  in  these  metals  is  that  they  do  not  form  para- 
magnetic compounds.  The  authors  consider  the  determination  of  suscepti- 
bilities in  the  wet  way  as  both  simple  and  accurate.  E.  E.  F. 

624.  Magnetic  After-effect,  L.  R.  Laird.  (Ann.  d.  Physik,  1.  1.  pp.  207-218, 
Jan.,  1900.) — In  experiments  on  magnetic  viscosity  a  doubt  attaches  to  the 
initial  or  instantaneous  value  of  the  magnetisation.  This  doubt  is  eliminated  in 
the  method  of  Martens,  in  which  horizontal  discs  are  made  to  rotate  in  a 
magnetic  field.  Their  magnetic  moment  is  found  to  be  independent  of  the 
speed  of  rotation  within  vnde  limits,  and  is  therefore  identical  with  the 
instantaneous  value  itself.  The  after-effect  is  then  determined  by  the  increase 
experienced  when  the  disc  stops.  To  study  the  increase  of  moment  with  the 
time  the  author  used  an  astatic  system  with  one  of  its  needles  placed  near  the  - 
edge  of  the  disc,  and  in  the  plane  of  the  latter.  The  ratio  of  the  initial  to  the 
final  intensity  of  magnetisation  was  found  to  be  0*872  in  the  disc  used,  which 
was  of  rolled  iron,  0*062  cm.  thick,  4*6  cm.  in  diameter,  and  repeatedly 
annealed.  To  follow  the  course  of  the  after-effect  in  time  a  photographic 
method  was  used.    The  effect  was  completed  in  twelve  seconds.  E.  E.  F. 

525.  Plane  Magnetisation  of  Pyrrhotine,  P.  Weiss.  (Journ.  de  Physique, 
8.  pp.  542-544,  Oct.,  1899.)— This  mineral,  FerSs,  can  be  magnetised  only  in 
one  plane,  and  in  a  direction  at  right  angles  to  this  plane  there  can  be  no 
magnetisation.  Discussion  of  experimental  methods.  This  curious  property 
may  throw  some  light  on  the  behaviour  of  magnetic  metals,  considered  as 
crystalline  substances.    (See  also  1899,  Abstract  No.  718.)  A.  D« 

526.  Altitude  and  Terrestrial  Magnetic  Force.    A.  Pochettino.    (AccaiLj 
Lincei  Atti,  8.  pp.  204-212,  Oct.  15,  1899.)— The  author  finds  (at  Gran  Sasso, " 
Italy)   that  the  gradient  of   H  is  0*0005  c.g.s.  units  per  thousand  metres  oC 
ascent.  A.  D. 


REFERENCES. 

527.  Electrothermal  Relations.    F.  Kohlrausch.    (Ann.  d.  Physik,  1.  1.  pp»'j 
13*2-158,  Jan.,  1900.)— A  paper  similar  to  that  referred  to  in  Abstract  No.  136  (1900)./ 

E.  E.  K 

528.  Thermoelectricity.    L.  Holborn  and  A,   Day.    (Preuss.  Akad.   Wii 
Berlin,  S.ber.,  36.  pp.  691-696,  1899.) — Measurements  were  made  of  the  therm 
electric  constants  of  the  platinum  metals  and  gold  and  silver  over  a  large  range 
temperature.    The  hot  junctions  were  raised  to  1,000°  and  in  some  cases  to  1,80 
The  results  are  given  in  a  table.    Observations  were  also  made  at  lower  tempe 

fares  down  to  -185".  J.  J 
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529.  Adsorption.  J.  G.'  C.  Vriens.  (Zeitschr.  Phys.  Chem.  81.  pp.  280- 
2M,  Dec.  22, 1899.) — ^The  adsorption  taking  place  when  a  centinormal  solution 
of  nitric  acid  is  passed  through  a  number  of  filter  papers  is  measured  by 
determining  the  molecular  conductivity  of  the  liquid  t)efore  and  after 
filtration.  The  author  concludes  that  the  diminution  of  concentration  is 
proportional  to  the  number  of  filters  employed.  T.  H.  P. 

530.  Liquid  Air.  J.  Dewar.  (Roy.  Instit.,  Proc.  16.  pp.  815-829,  Aug., 
1899.}— Liquid  air  assumes  the  spheroidal  state  when  poured  into  a  silver  basin 
heated  to  redness.  When  a  gas  is  caused  to  condense  in  a  bulb,  cooled  by 
liquid  air  boiling  in  a  vacuum,  an  admixture  of  an  uncondensable  gas  which  is 
not  readily  soluble  in  the  condensed  liquid  may  be  detected.  One  part  of 
hydrogen  in  1,000  of  air  can  just  be  detected  in  this  vtray.  Helium  is  readily 
separated  from  the  gas  (mainly  nitrogen)  evolved  from  the  King's  Well  at 
Bath  by  this  method. 

At  the  temperature  of  liquid  air  argon  is  more  opaque  to  Rontgen  rays  than 
ozygen,  nitrogen,  or  sodium;  it  is  on  a  level  with  potassium,  chlorine, 
phosphorus,  aluminium,  and  sulphur.  This  suggests  that  its  atomic  weight 
is  comparable  vnth  those  of  the  latter  group  of  elements. 

A  large  number  of  comparisons  of  the  times  in  which  equal  quantities  of 
bqaid  air  evaporate  from  different  vacuum  test  tubes  were  made.  When  the 
annular  space  is  (1)  filled  with  air,  (2)  vacuous,  (8)  vacuous  and  silvered  inside, 
the  times  of  evaporation  are  approximately  as  1  : 5  :  80.  When  the  annular 
space  is  (1)  \'acuous,  (2)  vacuous  and  filled  with  lampblack,  the  times  are  as 
1  : 4.  Other  powders  have  a  similar  (usually  smaller)  effect.  When  air  is 
adniitted,  however,  the  tubes  containing  the  powders  are  less  efficient  than 
those  ^thout  them. 

At  the  temperature  of  liquid  air  a  photographic  film  was  six  times  less 
bcQsitive  to  ordinary  and  Rontgen  radiation  and  sixteen  times  less  sensitive 
tc  ultra-violet  light  than  at  the  ordinary  temperature.  T.  E. 

631.  Properties  of  Iron,    Galy-Ache.    (Comptes  Rendus,  129.  pp.  1230- 

12^2,  Dec  26,  1899.) — ^To  explain  the  peculiar  phenomena  of  the  tempering 

ot  steel.  Osmond  and  Werth  put  forward  the  hypothesis  of  the  existence  of 

two  allotropic  forms  of   iron  :  a-iron,  stable  at  ordinary  temperatures,  and 

d-iron,  stable  at  high  temperatures.     The  author  describes  some  experiments 

w'-ich  go  to  confirm  this  view.    Some  of  them  recall  the  familiar  facts  of 

rcci*lc!scence,  while  others  show  that  recalescence  is  accompanied  by  a  certain 

retardation  in  the  compression,  which  depends  greatly  upon  the  manner  in 

which  the  iron  is  cooled  down  from  temperatures  above  850°.     The  iron 

cx/erimented  upon  was  nearly  pure  and  quite  free  from  carbon,  though  it 

contained  traces  of  phosphorus.    If  this  iron  is  subjected  to  a  pressure  of 

W  kg.  per  square  mm.  it  shows  a  certain  permanent  compression.    When 

released  and  then  subjected  to  the  same  pressure,  no  further  compression  sets 

IB  mitil  the  previous  maximum  pressure  is  attained.     When  the  release  has 

hsted  several  hours,  the  specimen  will  support  a  much  higher  pressure  than 

xsai  previously  attained  without  giving  way.    Sudden  cooling  after  heat'mg 

to  Mf  fi»T"*"^^^  the  properties  described.  £.  E.  ¥ . 

YCNU  IIL  P 
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538.  Velocity  of  Crystallisation  and  of  Change  in  Heterogeneous  Systems.  M. 
Wildermann.  (Zeitschr.  Phys.  Chem.  80.  pp.  841-382,  Nov.  1, 1899.)— Details 
of  the  experiments  from  which  the  equation  dtldz  =  C  (/©  —  0  (/  —  /i  +  K) 
[Abstract  1893,  1899]  is  obtained  are  given.  The  appUcation  of  this  equation 
to  chemical  and  physical  change  in  heterogeneous  systems  is  discussed. 

T.  E. 

639.  Solid  Solutions  and  Isomorphous  Mixtures.  G.  Brtini.  (Accad. 
Lincei  Atti,  8.  pp.  212-219,  Oct.  16,  1899.) — Isomorphous  mixtures  are  in  all 
respects  merely  special  cases  of  solid  mixtures.  Conclusions  to  the  contrary, 
by  Kiister,  Bodlander,  and  others  are  discussed.  A.  D. 

.  640.  Coagulaiive  Power  of  Electrolytes.  "W.  C.  D.  TVhetham.  (Phil. 
Mag.  48.  pp.  474-477,  Nov.,  1899.)--Electrolytes  possess  the  property  of 
coagulating  solutions  of  colloids  such  as  albumen  and  Ast  Ss,  and  their  relative 
coagulative  pqwers  depend  on  the  valency  of  the  metallic  ion.  The  coagula- 
tive  power  of  a  substance  may  be  taken  to  be  inversely  proportional  to  the 
number  of  gramme-equivalents  which  must  be  added  to  a  definite  solution 
of  the  colloid  in  order  that  immediate  coagulation  should  follow.  Linder  and 
Picton  found  equi-coagulative  solutions  of  sulphates  of  mono-,  di-,  and  tri-valent 
ions,  acting  on  arsenious  sulphide,  to  bear  the  relative  concentrations  930,  26, 
0'9,  so  that  the  relative  coagulative  powers  would  be  in  the  ratios  1 :  85  :  1028. 
For  chlorides  Schultze  found  similar  ratios  1 :  80 :  1660.  Suppose  that,  in 
order  to  cause  coagulation,  a  certain  minimum  electrical  charge  has  to  be 
brought  within  reach  of  a  colloidal  group,  and  that  such  conjunctions  must 
occur  with  a  certain  minimum  frequency  throughout  the  solution.  To  bring 
up  such  equal  charges  we  must  have  the  conjunction  of  2/f  triads,  8;i  dyads^ 
or  6«  monads.  The  chance  of  an  ion  being  within  reach  of  a  fixed  point  is 
a  fraction,  Ac,  where  A  is  a  constant  and  c  the  concentration  ;  that  of  two  ions 
is  (Ac)* ;  that  of  three  is  (Ac)' ;  that  of  n  is  (Ac)".  For  equi-coagulative  powers 
the  frequency  with  which  the  necessary  conjunctions  occur  must  be  the  same 
in  each  solution;  and  for  triads,  dyads,  and  monads  respectively  A*"  cj^ss 
A***  cj"  =  A*"c*"  =  a  constant  =:  B,  whence  the  respective  concentrations 
necessary  for  equal  coagulative  powers  are  ci :  Ci :  Cs  =  1  :  x-^ :  x-',  where 
.V-*  =  B*/^".  The  coagulative  powers  of  monad,  dyad,  and  triad  metal  ions 
arc  therefore  in  the  ratios  l:x  ix'.  If  ;r  =s  82  this  gives  the  series  1 :  32  :  1024  ' 
to  compare  with  Linder  &  Picton' s  1  :  35  :  1028  :  if  j;  =  40  we  get  1  :  40  :  1600 
to  compare  with  Schultze's  1 :  80  :  1660.  By  parity  of  reasoning,  tetravalent  j 
elements  would  have  very  large  coagulative  powers.  A.  D.     J 

1 
641.  Effect  of  Salts  on  the  Strength  of  Acids.    S.  Arrhenius.    (Zeitschr, 
Phys.  Chem.  31.  pp.  197-229,  Dec.  22,  1899.)— The  author  determines  the 
effect  produced  on  the  rates  of  inversion  of  cane  sugar  by  acetic,  formic,  or 
phosphoric  acid  by  the  addition  to  them  of  varying  quantities  of  the  following 
suits  :  potassium  chloride,  chlorate  or  nitrate,  sodium  chloride,  bromide  or 
nitrate ;  the  greatest  concentration  of  the  salt  solution  employed  being  0*1SK6 
normal.    The  results  show   that   the  relative  increase  (z)  of  the   inversion 
velocity  is  nearly  proportional  to  the  square  root  of  the  quantity  (c)  of  salt 
present.    Thus,  if  c  and  z  are  the  values  for  one  salt  solution,  and  c'  and  z'  for 
another,  the  numbers  for  0'05  normal  acetic  acid  and  sodium  chloride  gii^ 
log  2/2' :  log  c/c'=  0*548,  the  corresponding  ratio  for  0*025  normal  acetic  aci 
//nd  potassium  nitrate,  chloride  or  chlorate  or  sodium  nitrate,  having  the  vale 
'      Taking  into  account  the  dissociation  of  the  acids,  it  is  seen  that  as  tfe 
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We^tinghouse  construction.  The  units  are,  however,  much  smaller  than  at 
Great  Falls,  and  are  as  follows :  Three  270-kw.  dynamos,  belt-driven ;  four 
270-kw.  dynamos,  direct  coupled ;  two  360-kw.  dynamos,  direct  coupled. 
Some  details  of  the  commutator  construction  of  these  machines  are  given. 

J.  B.  C  tv. 

660.  Aluminium.  J.  H.  Henderson.  (Indus,  and  Iron,  27.  p.  895, 
Dec.  16,  1899.  Abstract  of  a  paper  read  before  Manchester  Junior  Elect. 
Engineers,  Nov.  28,  1899.) — This  Abstract  gives  some  details  concerning  the 
electrolytic  method  of  producing  aluminium  from  the  oxide,  and  a  few  facts 
relative  to  the  use  of  the  metal  for  electrical  purposes,  and  to  the  precautions 
necessary  in  casting  and  when  working  it  in  the  lathe. 

The  composition  of  the  molten  bath  used  for  dissolving  the  dry  alumina 
is  given  as :  Fluoride  of  calcium,  284  parts ;  double  fluoride  of  cryolite 
[?  cryolite  itself],  421  parts;  fluoride  of  aluminium,  845  parts;  calcium 
chloride,  8  to  4  per  cent. 

This  bath  is  heated  to  1,210°  F.,  alumina  is  added,  and  the  electrolytic 
decomposition  is  carried  out  with  an  E.M.F.  of  6-8  volts  and  a  current  density 
of  216  amperes  per  square  foot.  One  pound  of  the  metal  should  be  obtained 
per  5  E.H.P.  hours.  J.  B.  C.  K. 

661.  Electrolytic  Production  of  Aluminium.  G.H.Robertson.  (Electrician, 
44.  pp.  287-288,  Dec.  22,  1899.)— The  author  in  this  short  article  gives  some 
historical  details  relating  to  the  electrolytic  processes  for  reducing  aluminium 
oxide,  and  then  passes  on  to  a  description  of  those  processes  in  which  the 
sulphide  is  substituted  for  the  oxide.  The  latest  of  these  is  the  Gooch  process, 
in  which  the  sulphide  is  formed  from  the  oxide  in  the  electrolytic  bath  itself 
by  chemical  action. 

In  this  process  the  solvent  for  the  oxide  is  a  fused  mixture  of  sodium 
fluoride  and  aluminium  chloride.  The  anodes  are  of  carbon  ;  the  carbon 
lining  of  the  bath  acts  as  kathode.  The  anodes  are  perforated  longitudinally, 
and  the  carbon  di sulphide  is  conducted  into  the  batn  as  vapour  through  these 
perforated  anodes.  The  bath  is  fed  with  alumina,  and  the  sulphur,  carbon 
monoxide,  and  carbon  oxy-sulphide  which  result  from  the  electrolytic  and 
chemical  decompositions  pass  away  as  gases.  The  E.M.F.  required  for  the 
decomposition  is  said  to  be  only  0'90  volt.  J.  B.  C.  K. 

REFERENCES. 

662.  Primary  Batteries.  W.  R.  Cooper.  (Electrician,  44.  pp.  226-228,  Dec.  8, 
1899.)— Seat  of  the  E.M.F.  in  a  voltaic  cell. 

663.  Electrochemical  Industry.  W.  Borchers.  (Eng.  Mag.  18.  pp.  889-409^'  j 
Dec,  1899.) — This  article  is  a  presentation  in  more  popular  form  of  the  facts  and  ^ 
figures  contained  in  the  paper  read  before  the  1899  meeting  of  the  German  Electro*,  t 
chemical  Society  at  Leipzig.  (See  1899,  Abstract  No.  1947.)  After  an  introduction:  j, 
describing  the  various  forms  in  which  energy  is  found  upon  this  earth,  the  author  \ 
states  that  the  use  of  the  potential  energy  of  the  coal-beds  is  about  to  be  exchanged  .' 
for  the  use  of  the  kinetic  energy  of  moving  or  falling  water.    Very  brief  descriptioni 

of  the  processes  and  apparatus  used  in  all  the  chief  electrochemical  and  electn 
metallurgical  industries  are  then  given,  and  the  author  concludes  by  pointing  oi 
that  90  per  cent,  of  the  estimated  output  of  these  new  works  and  factories  is  due 
the  utilisation  of  water-power.  J.  B.  C.  \ 

664.  Cos/ o/ Cii/attm  Carbide.    (Engineer,  88.  pp.  611-612,  Dec.  22, 1899.) 
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655.  Mechanical  Draught  and  Boiler  Efficiency,  W.  B.  Snovr.  (West. 
Electn.  25.  pp.  74-75,  Aug.  5,  1899.  Extract  from  lecture  delivered  before 
the  Engineering  Society  of  Columbia  University.) — Estimates  are  given  of  the 
relative  costs  and  fixed  charges  for  boiler  plants  having  chimney  draught,  and 
induced  and  forced  draught  without  chimneys.  An  average  of  the  costs  of  nine 
representative  plants  shows  the  total  expense  for  installing  a  forced  draught 
plant  to  be  only  18*7  per  cent. ;  that  of  a  single  induced  fan  and  accessories 
96*7  per  cent.,  and  that  of  a  complete  duplex  induced  draught  plant,  42  per 
cenL  of  that  of  a  chimney.    In  each  case  a  short  steel-plate  stack  is  included. 

J.  T.  R. 

556.  Internal  Self-oiling  Ball  Engine,  (West.  Electn.  26.  p.  88.  1899.)— 
The  distinctive  feature  of  the  new  design  of  the  Ball  engine  is  the  automatic 
oiling  system.  The  oil  is  contained  in  a  pocket  in  the  bottom  of  the  crank 
chamber,  and  the  crank  discs  in  revolving  carry  over  a  portion  of  this  oil  into 
a  trough  in  the  top  of  the  frame,  from  which  the  oil  flows  to  the  main  bearings 
and  is  carried  by  radial  holes  to  the  crank-pin.  There  are  removable  plates 
one  on  each  side  of  the  connecting-rod  at  the  ends  of  the  guides,  so  arranged 
thai  they  guide  the  oil  directly  into  the  crosshead.  The  lower  guides  are  so 
designed  that  the  crosshead  floats  on  the  oil,  and  the  area  of  the  slides  being 
large  the  wear  is  practically  eliminated.  The  oiling  is  claimed  to  be  auto- 
matic, positive,  and  requiring  no  attention.  The  Company  supply  self-oiling 
engines,  simple,  tandem,  cross-compound,  and  either  side-crank  or  centre- 
crank  as  desired.  A.  S. 

657.  Feed  Water  Heaters  for  Locomotives,  C.  M.  Muchnick.  (Mech. 
Eng.  4.  pp.  687-638,  Oct.  28, 1899.  From  the  American  Engineer  and  Railroad 
Joomal,  Oct,  1899.) — The  author  describes  two  feed  water  heaters  for  loco- 
QKStivcs,  used  on  the  Paris-Orleans  Railway  and  the  Western  Railway  of 
France  respectively.  Lencauchez,  engineer  of  the  Paris-Orleans  Railway, 
designed  a  heater  combined  with  an  oil  separator.  The  exhaust  steam  taken 
from  each  c>'linder  is  led  into  an  oil  separator  formed  of  a  number  of 
hoUowed-out  plates,  assembled  in  such  a  manner  that  the  steam  has  to  make 
several  up-and-down  courses,  leaving  the  oil  on  the  hoUowed-out  portions  of 
the  plateSw  The  steam  thus  purified  passes  into  the  heater  proper,  where  it 
comes  in  contact  with  the  cold  water  which  falls,  fountain-like,  over  a  series 
(tf  trays,  each  having  a  finely  divided  toothed  edge.  The  division  of  the 
coid  feed  water  into  very  small  streamlets  facilitates  the  rapid  mixture  of  the 
cold  water  and  steam.  A  pump  then  forces  the  feed  water  into  the  boiler  at 
a  temperature  of  192-208°  F.  The  feed  heater  is  provided  with  check  valve, 
safety  valve,  and  gauge  glass. 

In  the  feed  water  heater  designed  by  Chapsal,  engineer  of  the  Western 
RuHvay  of  France,  the  cold  feed  water  passes  over  a  series  of  cones  in  which 
jttam  circulates.  Thin  deposits  from  the  impure  feed  water  are  formed  on 
the  surface  of  the  cone,  and  when  broken  by  the  contraction  of  the  latter 
around  the  bottom  edges  of  the  cones.  It  was  found  that  the 
of  laminated  tartar  when  weighed  in  a  dry  state  varied  from  ISL  lbs. 
lb  44  Bml  for  a  nmnin^  distance  of  1,876-8, 750  miles,  X.  S, 
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The  main  engines  were  of  the  usual  vertical,  inverted,  direct-acting  type, 
arranged  for  quadruple  expansion,  with  a  jet  condenser — the  maximum  H.P. 
being  1,600.  The  original  paper  gives  details  of  sizes  and  make  of  the  various 
parts  of  the  machinery. 

The  average  quantity  of  steam  consumed  per  hour  by  the  various  auxiliary 
engines,  which  were  mostly  compound  engines  (excluding  the  stoker  motors), 
is  shown  by  the  following  table  of  results  of  tests  made  on  May  28  : — 


Auxiliary. 


Air  pump 

Feed  pump  

Bilge  pump 

Water-service  pump 

Auxiliary  pump  

Starboard  dynamo  .. 

Port  dynamo  

Steering  engine  

Fire-room  blower  .. 

Total 


Steam  Consumption  per  Hour. 


Table  I. 


Lbs. 

721 
487 
275 
146 
880 
•  •• 
671 
125 
622 


8,877 


Table  II. 


Lbs. 
715 
468 

275 
154 

•  •  ■ 
480 

•  •  • 
125 
692 


2,909 


Table  III. 


Lbs. 
828 

595 
820 
156 

•  •  • 
480 

•  •  • 

125 
725 


8,229 


Tabic  IV. 


Lbs. 

613 
850 
240 
150 


125 
550 


2,028 


In  addition  to  these,  the  stoker  motors  showed  an  average  consumption  of 
28'1  lbs.  of  steam  per  hr.  per  motor,  the  total  quantity  for  all  the  stokers 
amounting  to  188*6  lbs.  per  hr.  The  cost  of  operating  all  stokers  and  blower, 
based  on  these  results,  was  4*29  per  cent,  of  the  total  steam  generated.  Allow- 
ing for  the  blower  exhaust  steam  having  been  passed  through  the  feed  heater^ 
the  net  cost  of  the  stoker  installation  is  taken  as  equivalent  only  to  1'68  per 
cent,  of  the  total  steam. 

The  exhaust  steam  from  the  auxiliaries  was  employed  in  a  feed  heater,  but 
when  the  temperature  of  the  feed  water  was  increased  to  about  225®  F.,  or 
higher,  the  back  pressure  from  the  heater  shell  caused  irregular  working  of 
the  pumps.  The  upper  limit  of  feed  heating  appeared  to  be  about  200°  F., 
or  an  average  of  approximately  95°  F.  increase  in  temperature  of  the  water 
taken  from  the  hot  well,  the  auxiliaries  then  consuming  about  10*5  per  cent, 
of  the  total  steam  generated.  '  F.  J.  IL 


660.  Flow  of  Water  through  a  Surface  Condenser,    M.  Longridge.   (Mech*ij 
Eng.  4.  pp.  602-603,  Oct.  21,  1899.     From  the  Annual  Report  of  the  chiefs 
engineer  of  the  Engine,  Boiler,  and  Employers'  Liability  Insurance  Company.) 
— Little  is  known  about  the  pressure  required  to  force  the  circulating  water/ 
through  a  condenser.      The  author  made  an  experiment  on  a  condenser 
containing  679  tubes,  j-inch  external  diameter,  and  6  ft.  2  in.  long.    Tte 
circulating  water  was  supplied  by  a  centrifugal  pump  through  a  6-inch  pi] 
connected  to  the  bottom  branch  of  the  waterhead  of  the  condenser ; 
traversed  the  length  of  the  condenser  twice,  and  flowed  away  from  the  uppc 
part  of  the  condenser  through  a  6-inch  pipe. 

In  one  experiment  the  quantity  of  circulating  water  was  1*72  cubic  £e 
per  second,  and  the  difference  of  pressures  in  the  inlet  and  discharge  pip< 
^JJowing  for  the  difference  in  level,  was  805  feet  head  of  water.    T 
scbarge  pipe  was  not  full  of  water,  and  therefore  the  figure  given  does  i 


STEAM  PLANT,  GAS  AND  OIL  ENGINES.  213 

represent  the  head  lost  in  the  condenser.  Assuming  the  discharge  pipe  to 
hai-e  bccD  half  full,  the  author  calculates  that  the  resistance  of  the  condenser 
was  equivalent  to  a  head  of  4'26  feet.  In  another  experiment,  in  which  the 
quantity  of  circulating  water  was  1'21  cubic  feet  per  second,  the  resistance 
of  the  condenser  was  2*45  feet  The  resistance  therefore  varied  approximately 
as  the  square  of  the  velocity.  The  greater  part  of  the  loss  probably  occurred 
at  the  entrance  and  exit  from  the  tubes,  and  in  passing  through  the  narrow 
opening  in  the  distance  piece  of  the  waterhead.  If  the  length  of  the  tubes 
had  been  doubled,  the  total  reustance  of  the  condenser  would  not  have  been 
materially  increased.  A.  S. 

SSL  tmpmvments  itt  Gas  Engines.  (Automotor  Journal,  4.  pp.  160--161, 
Jan.,  1000.)^Messrs.  Crossley  and  Atlcinson,  of  Manchester,  have  adopted  the 
"compouDd"  or  two-stage  expansion  principle  in  internal  combustion  motors. 
The  vertical  engine  (see  fig.  of  sectional  elevation)  has  two  high-pressure 
o-tinders,  B  andC,  into  which  the  charges  of  gas  and  air  are  drawn,  compressed, 


ignited,  and  expanded,  and  exhausted  on  the  ordinary  Otto  cycle.  The 
explosion  or  working  strokes  are  made  alternately,  giving  an  impulse  every 
rcTcdntion.  After  the  working  stroke  in  either  high-pressure  cylinder  the 
nrhjti.j  takes  place  into  the  low-pressure  cylinder  A  through  the  exhaust 
Tijve  passages  and  the  ports  in  the  piston  valve  J,  and  Ni  or  N,,  whilst  the 
port,  O,  leads  to  the  atmosphere.  The  pistons  of  the  H.P.  cylinders  are 
cuuiected  to  crank-pins,  G  and  H,  and  make  their  inward  and  outward 
•trofcti  together,  but  IBCf  from  the  crank-pin  E  of  the  low-pressure  piston  D. 
la  the  Fig.,  tbe  left-hand  high-pressure  piston  has  completed  its  upward 
Statist  stroke,  the  exhaust  valve,  S,  being  open,  and  the  gases  passing 
tfarcmgh  X]  have  already  done  their  work  on  B  during  its  down  stroke,  whilst 
the  compression  stroke  in  C  Is  completed.  Next  we  have  the  upward  exhaust 
rimke  in  A,  and  tbe  downward  suction  in  B,  and  explosion  in  C.  Then 
Ukms  the  exbaost  from  C,  doing  work  in  A,  during  compression  of  charge 
1    ■>  %  moA  so  on. 


STEAM  PLANT,  GAS  AND  OIL  ENGINES. 


215 


Motion  is  given  to  the  car  by  a  pair  of  vertical  cylinders,  2^inch  bore  and 
Scinch  stroke,  fitted  with  link  reversing  motion,  and  driving  the  rear  axle  by  a 
chain  :  this  runs  on  a  sprocket  wheel  on  the  crank  shaft  and  on  the  exterior 
of  the  differential  gear  on  the  axle.  Fifteen  gallons  of  water  are  carried, 
nominally  sufficient  for  a  25-mile  run.  W.  W.  B. 

564.  Sicor's  Kerosene  Motor.  (Mech.  Eng.  4.  pp.  696-597,  Oct.  21.  1899. 
From  "American  Machinist.")— The  fuel  used  in  this  internal  combustion 
engine  is  kerosene  oil,  having  a  heating  value  of  20,700  British  thermal  units 
per  pound,  costing  about  one  cent.  The  charge  contains  a  certain  proportion 
of  oil  and  air  for  perfect  combustion.  The  speed  is  regulated  by  the 
governor,  which  controls  the  admission  of  both  fuel  and  air,  and  thereby 
increases  or  decreases  the  volume  of  this  perfectly  combustible  mixture. 

The  Secor  motor  is  of  the  high-speed  vertical  marine  form.  The  oil  feed 
is  by  gravity,  without  any  "  carburetor "  or  pump.  The  oil  falls  from  the 
sopply  tank  A  (in  the  fig.),  into  the  constant-level  tank  V  to  obtain  constant 


for  the  flow  through  the  bent  pipe  E  to  the  fuel  admission  valve  F. 
The  air  admission  is  by  O  and  the  butterfly  valve  at  L.  The  governor-rod  N 
actuates  both  the  valves  L  and  F  by  the  rod  K.  By  an  independent  micro- 
meter adjustment  at  G  and  M,  the  oil  and  air  can  be  delivered  to  form  a 
perfectly  combustible  mixture,  whilst  the  regulation  of  the  speed  is  effected 
by  throttling  the  volume  of  the  charge  and  so  reducing  the  compression. 
Tlic  admission  valve  J  is  operated  by  the  rod  R,  and  the  exhaust  valve  P  by 
rod  S^  from  cams  of  the  usual  type,  timed  on  the  Otto  cycle.  Ignition  is  by 
electric  spark  from  a  Rhumkorff  coil,  excited  by  current  from  six  cells.  It  is 
stated  that  small  sizes  of  this  motor  give  power  at  a  fuel  cost  of  i  cent  per 
H.P.  hoar.  W.  K. 


Gobron  and  Brillie  Autocar,  (Indus,  and  Iron,  27.  pp.  429-430,  Dec. 
n,  1809.) — ^This  describes  the  motor  and  gear  employed  by  the  Societe 
Gobron  and  Brillie  for  their  petrol  motor  vehicles.  The  motor  has  four 
pistoas  working  in  opposite  directions  in  two  vertical  cylinders,  the  pistons 
bang  ccmpled  to  a  three-crank  shaft,  the  two  lower  pistons  acting  on  one 
cnak  while  the  two  upper  pistons  act  on  a  crank  fixed  at  180°  to  that  for 
tm  lower  pistons.    The  explosions  take  place  between  the  pistons  in  each 
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cylinder  so  that  the  motor  is  balanced  both  for  impulse  and  weight  of  moving 

parts.    The  petrol  is  vaporised  in  the  supply  pipe  leading  to  the  admission 

valves,  the  quantity  of  petrol  required  per  double  stroke  being  fed  by  means 

of  a  rotating  toothed  cone  disc,  which  is  operated  from  the  crank  shaft  of  the 

motor  in  such  a  manner  that  one  toothful  of  petrol  is  delivered  per  revolution 

to  the  vaporising  chamber,  except  in  the  case  of  the  speed  of  the  motor 

exceeding  the  normal  when  the  governor  comes  into  action  and  cuts  off  the 

supply.    The  air  admission  to  the  vaporiser  is  arranged  so  that  part  of  the  air 

is  sucked  through  a  passage  opening  into  the  tooth  which  is  full  of  petrol,  and 

thus  the  petrol  is  swept  with  the  air  into  the  vaporiser.    The  motor  drives  by 

means  of  a  spur  gear  through  a  friction  clutch  on  to  a  countershaft ;  this 

in  turn  drives  the  countershaft,  carrying  the  sprocket  pinions  of  the  chain 

drive  by  means  of  one  of  three  sets  of  spur  wheels  and  pinions,  which  give 

three  speeds  to  the  vehicle.    This  countershaft  carries  the  differential  gear, 

and,  at  its  ends,  the  sprocket  pinions  which  drive  through  pitch  chains  on  to 

sprocket-wheel  rings  carried  from  the  spokes  of  the  rear  road  wheels.    The 

steering  of  the  vehicle  is  on  the  Ackerman  system,  and  is  controlled  by  a 

hand  wheel  which   operates    the  pivots  of  the  steering  wheels  through   a 

form  of  epicycloidal  gear  ;  this  gives  a  "  variable  multiplication  of  the  ratio 

of  movement  between  the  hand  wheel  and  the  front  road  wheels."    Three 

band  brakes  are  fitted,  one  on  the  chain  pinion  countershaft  and  one  on  each 

of  the  driving  road  wheels.  W.  W.  B. 

688.  Darracq  Autocar.     (Automotor  Journal,  4.  pp.  106-108,  Dec,  1899.    ' 
Adapted  from  an  article  by  L.  Baudry  de  Saunier  in   La  Locomotion 
Automobile.) — This  is  a  light  four-wheel  carriage,  to  seat  two  or  four  persons, 
driven  by  petrol  motor,  having  a  single  horizontal  air-cooled  cylinder,  designed 
by  Bollee,  and  capable  of  giving  5  H.P.  at  800  revolutions  per  minute.    The 
motor  is  carried  at  the  front  end  of  the  tubular  under-frame,  and  is  placed 
with  the  combustion  chamber  in  front  so  as  to  get  the  full  benefit  of  the  cool- 
ing effect  of  the  stream  of  air  when  the  vehicle  is  in  motion.    On  an  exten-   • 
sion  of  the  crank  shaft  to  one  side  of  the  crank  case  is  mounted  a  four-speed 
belt  cone  from  which  the  power  is  transmitted  by  a  single  belt  to  a  cor- 
responding four-speed  cone  on  a  countershaft  carried  at  the   back  of  the 
under-frame.    This  belt  cone  drives,  through  a  friction  clutch,  a  spur  pinion    J 
gearing  with  a  spur  wheel  on  the  exterior  of  the  differential  gear,  which  is     i 
mounted  on  the  driving  axle  of  the  vehicle.     Reverse  motion  is  imparted  to    I 
the  carriage  by  means  of  internal  spur  gear,  which,  when  brought  into  action,    "2 
reverses  the  direction  of  rotation  of  the  speed  cone  on  the  crank  shaft  of  the    J 
motor.    The  carriage  body  is  connected  to  the  under-frame  in  such  a  manner    » 
as  to  be  readily  detachable.    The  body  and  frame  are  supported  from  the 
axles  by  leaf  springs,  and  are  further  insulated  from  shocks  due  to  rough  road 
surfaces  by  means  of  pneumatic  tyres  on  the  wheels,  which  are  of  the  cycle 
type.     Steering  is  effected  by  the  front  wheels  on  the  Ackerman  system,,' 
Three  band  brakes  arc  available  for  checking  the  motion  of  the  vehicle  in  i 
either  direction.  \V.  W.  BL  ' 

667.  Bcnticii  and  Thomas  Petrol  Motor.   (Automotor  Journal,  4.  pp.  99-109 
Dec,  1899.) — This  is  an  engine  worked  with  carburettcd  air,  provided  witl 
tii'o  cylinders  on  opposite  sides  of  a  two-crank  shaft,  the  centre  lines  of  th 
cyJindcrs  being  separated  by  a  very  short  distance.     The  pistons  and  cof 
nccting-rods  arc  siiniJar  (o  ordinary  practice^  but  the  pistons  have  very  litt 
ch^arancc,  the  necessary'  compression  and  combusl\ot\  ^v^c<i  coti<d^ing  of  oi 
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long  passage  connecting  the  outer  ends  of  the  two  cylinders.  In  branches  from 
this  passage  are  the  seats  of  the  two  piston  valves,  one  admission  and  one 
exhaust,  worked  by  a  simple  arrangement  of  cam-actuated  levers  of  the  second 
order.  Electric  ignition  is  employed,  and  the  governor  acts  on  an  ordinary 
batterfly  valve.  W.  W.  B. 


Ignition  or  Sparking  Tube,  (Automotor  Journal,  4.  p.  99,  Dec,  1899. 
L.  Baudry  de  Saunier,  in  La  France  Automobile.)^The  main  point  in 
this  ignition  or  sparking  plug  is  the  form  of  housing  given  to  the  porcelain 
plug  and  insulation  which  permits  the  use  of  a  two-part  porcelain,  through 
which  one  conducting  wire  passes.  Object,  to  keep  down  temperature  of 
outer  projecting  porcelain  and  reduce  breakage.  W.  W.  B. 

060.  Bucket  Variable  Speed-Gear,  (Indus,  and  Iron,  27.  p.  418,  Dec.  22, 
1890.) — ^The  pulleys  of  this  belt  speed-gear  are,  as  in  well-known  devices, 
made  in  segments  fitted  upon  pairs  of  radiating  guide-pieces,  one  of  which  is 
normal  to  the  axis,  and  the  other  set  at  about  45"*,  the  whole  of  these 
latter  guides  forming  an  interrupted  cone.  When  this  cone  of  guides  is 
moved  to  or  from  the  normal  radiating  guides,  the  pulley  segments  slide 
xadially  in  or  out  respectively,  just  as  a  door-latch  slides  in  its  guide  when 
pushed  against  the  hasp.  The  pulley  segments,  when  close  together,  form  a 
poUey  about  one-half  the  diameter  of  the  corresponding  pulley  when  all  its 
segments  are  separated  with  the  maximum  space  between  each.        W.  W.  B. 
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579.  Vulcain  Prepayment  Energy  MeUr,  (Ind.  Elect.  8.  pp.  487-490, 
Nov.  10,  1899.) — After  describing  the  ordinary  Vulcain  meter  (see  1899, 
Abstract  No.  1419),  an  illustrated  description  is  given  of  the  supplementary 
prepayment  attachment.  This  mechanism  makes  use  of  differential  gear, 
and  is  so  arranged  that  upon  introducing  a  suitable  coin  and  turning  a  key 
a  switch  is  closed  and  a  spring  is  wound  up.  The  spring  tends  to  restore  the 
mechanism  to  its  original  position,  but  is  controlled  by  an  anchor  escapement 
gearing  with  the  meter  proper.  When  a  given  quantity  of  energy  has  been 
used  by  the  consumer,  the  switch  is  released,  opening  the  circuit.  The 
details  cannot  be  explained  without  figures.  Means  are  provided  for  changing 
the  price  of  energy,  and  for  checking  the  number  of  coins  introduced. 

A.  H.  A. 

680.  0*Keenan  Electricity  Meter,  E.  O'Keenan.  (Ind.  Elect.  8.  pp.  605- 
510,  Nov.  25,  1899.) — The  aim  of  the  inventor  was  to  construct  a  motor  which 
should  have  as  nearly  as  possible  an  electrical  efficiency  of  unity,  when  the 
counter  and  applied  electromotive  forces  would  be  equal,  and  the  speed  of  rota^ 
tion  proportional  to  the  potential  difference  between  the  terminals.  To  this 
end  a  strong  permanent  magnet  is  used,  with  an  iron  cylinder  fixed  between 
the  poles  as  in  a  d'Arsonval  galvanometer  ;  in  the  narrow  air-gap  rotates  an 
armature  consisting  solely  of  a  shell  of  flat  coils,  cemented  together,  and 
connected  with  a  small  commutator.  The  iron  core  is  supported  by  a  bracket 
entering  the  open  end  of  the  armature  ;  the  latter  is  carried  by  a  spindle  resting 
on  a  jewelled  centre  and  guided  at  the  upper  end,  and  drives  the  recording 
train  by  means  of  a  fine  worm.  No  retarding  device  is  employed,  and  friction 
is  reduced  to  a  minimum. 

The  instrument  has  various  applications  :  (1)  Connected  with  a  battery  of 
constant   E.M.F.,  the  dials  record  time,  and   may  be  graduated  in  hours, 
minutes,  &c.,  thus  constituting  a  clock,  which,  as  the  current  is  excessively 
small,  may  theoretically  run  for  years  without  attention  ;  or  it  may  be  used 
for  telephonic  service,  to  record  the  time  the  telephone  is  in  use.    (2)  For 
distribution  at  constant  current,  the  instrument  is  connected  through  a  high 
resistance  with  the  consumer's  terminals,  and  records  volt-hours,  and  in- 
directly watt-hours.    (3)  For  distribution  at  constant  pressure,  the  instrument 
is  joined  in  shunt  to  a  very  low  resistance  in  series  with  the  consumer^S 
circuit,  recording  ampere-hours,  and  indirectly  watt-hours.     If  it  is  necessary 
to  compensate  for  friction,  small  though  it  be,  an  independent  source  of  J 
E.M.F.  may  be  utilised  to  supply  the  friction  torque.     (4)  By  joining  the" 
middle  wire  to  the  middle  of  the  low  resistance  mentioned  in  the  precedinjjf* 
case,  the  instrument  is  adapted  for  recording  the  ampere-hours  supplied  to  »[ 
three-wire  circuit.     (5)  An  analogous  arrangement  for  a  special  cise  of  five-'^ 
wire  supply  is  described.     (6)  For  charging  and  discharging  accumulators,  a 
arrangement  similar  to  that  of  (4)  is  explained,  the  instrument  acting  as 
reversible  ampere-hour  meter,  and  making  allowance  for  the  inefficiency 
t/ie  battery. 

The  instrument  is  independent  of  variations  of  temperature  and  of  f^ 
resistance  in  circuit  with  it  except  at  extreme\'y  Vow  speeds,  and  cannot 
ted  by  external  vibration,  nor  do  extern2L\m2Lgcve\\ctL€V^'^2&«X*\\s»vDdi 
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587.  Involutes  for  Armature  Connections.  P.  Girault.  (Ind.  Elect.  8.  pp, 
610-512,  Nov.  25,  1899.) — The  author  points  out  that  the  normal  distance 
between  successive  involutes  of  a  circle  is  always  constant,  and  if  the  end 
connections  of  an  armature  are  given  this  shape,  the  space  for  insulation 
between  them  will  be  of  constant  thickness.  Treating  the  matter  analytically, 
the  author  deduces  formulae  and  draws  up  a  table  and  curves  to  facilitate 
calculations  for  different  radii  and  angles  spanned,  but  notes  that  as  the  data 
are  generally  fixed  by  other  considerations,  the  involutes  obtained  can  be  used 
only  as  guides  to  the  tracing  of  a  suitable  curve.  A.  H.  A* 

688.  Hysteresis  in  Armature  Cores,  E.  K.  Scott.  (Electrician,  44.  pp. 
214-215,  Dec.  8,  1899.)— -The  author  points  out  that  the  formula  of  C.  P. 
Steinmetz  for  the  hysteresis  loss  in  the  cores  of  alternate-current  transformers 
cannot  be  applied  to  armature  cores,  and  gives  a  numerical  example  showing 
that  there  is  no  relation  between  the  values  calculated  from  this  formula  and 
those  ascertained  by  experiment. 

Referring  to  the  experiments  of  F.  G.  Baily  and  J.  A.  Ewing  on  the  subject 
of  rotating  fields,  the  author  discusses  their  bearing  on  the  design  of  armature 
cores,  and  considers  that  in  direct-current  armatures  working  at  a  high  indue* 
tion  density  the  hysteresis  loss  may  have  a  low  value,  but  in  alternators  the 
Steinmetz  formula  may  be  approximately  correct. 

The  possible  effects  of  vibration  are  also  briefly  dealt  with.  A.  H.  A.. 

680.  Magnetic  Flux  in  Armature  Cores.    W.  E.  Goldsborough.    (Amer. 
Instit.  Elect.  Engin.,  Trans.  16.  pp.  481-500.     Discussion,  pp.  501-508,  Oct., 
1899.) — ^Thc  author  determines  the  flux  density  at  different  points  in  the  core 
by  dividing  that  portion  of  a  lamina  that  lies  between  the  centre  lines  of  two 
adjacent  poles  into  paths  of  equ^l  magnetic  reluctance  connecting  equipoten- 
tial  surfaces.    These  paths  are  determined  by  first  equalising  their  reluctance) 
on  the  basis  of  a  permeability  of  the  iron  of  unity,  and  then  correcting  for  thaj 
variations  in  the  permeability  with  the  varying  densities  by  successive  trials.) 
He  takes  a  six-pole  110  kw.  railway  generator  and  shows  that  the  density  near^ 
the  inner  surface  of  the  core  at  no  load  is  a  little  less  than  8,000  gausses,  whi 
just  below  the  teeth  it  is  a  little  over  21,000  gausses.     Assuming  uniform  dia-^| 
tribution,  the  density  would  be  7,220  gausses,  and  the  core  loss  from  hysten 
492  watts,  but  with  the  uneven  distribution  shown  it  is  668  watts,  or  85 
cent,  greater.    At  full  load  the  distribution  is  still  more  uneven,  and  the 
loss  830  watts.    These  figures  refer  to  the  solid  part  of  the  core  below. 
teeth  onlv.    The  loss  in  the  teeth  is  182  watts  at  no  load,  and  246  at  full  U 
and  27  per  cent,  must  be  added  for  eddy-current  losses.     The  total  loss 
1,000  watts  at  no  load,  and  1,370  at  full  load.    A  special  apparatus  was 
for  testing  the  flux  distributions.     It  consisted  of  an  electromagnet  resemblt 
one  pair  of  poles  of  a  multipolar  dynamo,  and  a  section  of  the  armature, 
number  of  holes  were  bored  in  the  armature,  perpendicular  to  the  side  fab 
and  exploring  coils  wound  in  each  pair  of  holes.    Curves  are  given  sho^ 
the  flux  distribution  found  by  the  exploring  coils. 

Z?/scussi on. -^Steinmetz  remarked  that  machines  with  armature  iron 
tending  down  to  the  shaft  and  poles  covering  80  per  cent,  of  the  pole 
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show  unequal  distribution  more  than  shallow  armature  cores  with  long  distance 
between  the  poles.  Experience  has  shown,  however,  that  no  effect  of  this 
kind  appears  of  a  magnitude  to  make  itself  felt  without  special  investigation, 
so  that  it  appears  that  with  the  relative  dimensions  used  in  most  machines 
the  effect  is  small,  though  undoubtedly  existing.  Where  the  flux  is  uniform 
at  no  load,  change  of  load  will  not  alter  the  distribution  noticeably ;  it  depends, 
however,  on  the  relative  proportion  of  armature  reaction  to  field  excitation. 

R.  B.  iv. 

MO.  Calculations  Regarding  Toothed-Core  Armatures,  F.  Niethammer. 
{Elektrotechn.  Ztschr.  20.  pp.  766-771,  Nov.  2,  1899.)— In  calculating  the 
ampere-turns  required  for  the  air-gap  the  author  assumes  that  the  distribution 
of  the  magnetic  lines  is  as  shown  in  the  accompanying  sketch,  the  tufts 
ci  lines  which  proceed  from  the  teeth  spreading  out  fan-like  until  they 
reach  the  polar  surface.  If  K  stand  for  the  number  of  lines  proceeding 
from  each  tooth,  the  ampere-turns  required  for  the  air-gap  are  given   by 

K  /  I  1-257/ (w  -f  1)  tan ~'/^(^  ""  ^^^  i  ,  where  /  is  the  length  of  the  pole  piece 

measured  parallel  to  the  spindle,  and  the  meanings  of  a,  b  and  n  are  given 
by  the  sketch.  The  lines  as  they  enter  the  pole-piece  are  not  uniformly 
distributed,  being  more  crowded  over  the  areas  which  are  immediately 
opposite  the  teeth.  At  a  certain  distance  from  the  polar  surface  the  dis- 
tribution of  the  lines  in  the  pole-piece  becomes  practically  uniform.  As  the 
armature  rotates,  the  local  pulsations  in  the  magnetic  induction  in  the  region 
of  the  pole-piece  just  considered  give  rise  to  hysteresis  and  eddy-current 
losses.     The  author  deduces  elaborate  formulae  for  these  losses,  as  well  as 
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a  formula  for  the  ampere-turns  required  to  compensate  for  the  demagnetising 
effect  of  the  eddy-currents  in  the  pole-pieces.  The  calculation  of  the  ampere- 
toms  required  for  the  iron  part  of  the  magnetic  circuit  is  next  considered,  and 
the  author  points  out  that  where  high  inductions  are  used,  the  method  com- 
monlv  employed  of  taking  the  mean  length  of  path  and  mean  value  of 
iodaction  does  not  lead  to  satisfactory  results,  on  account  of  the  great 
variations  in  the  permeability  over  the  cross-section  of  the  iron.  He  develops 
which  is  free  from  this  objection,  the  varying  length  of  path  and 
permeability  being  taken  into  account.  Considering  next  the  case  of 
jitemate-current  motors,  the  author  emphasises  the  advantage  of  partially 
doang  the  slots,  the  induction  being  thereby  rendered  more  uniform,  with 
conseqaent  reduction  of  hysteresis  and  eddy-currents ;  closing  the  slots 
entirely  would  greatly  increase  magnetic  leakage.  Formulae  are  next 
iSeveloped  for  the  leakage  coefficients  of  stator  and  rotor,  on  the  assumption 
d  a  standard  form  of  half -closed  slot ;  these  formulae,  however,  are  much  too 
complicated  to  be  reproduced  here.  A.  H. 

Skart-Cirtuit  Current  of  Alternators,    A,  Rothert.      (EleklrotecVvn. 
90.  pp.  (ll9-«33,  Aug.  81,  687-^88,  Sept.  7,  and  pp.  667-659,  Sept.  14, 
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1899.) — The  author  shows  how,  from  the  curve  connecting  the  E.M.F.  on 
open  circuit  with  the  exciting  current  (curve  a)  and  that  connecting  the  short- 
circuit  current  of  the  alternator  with  the  exciting  current  (curve  j3),  it  becomes 
possible  to  predetermine  graphically  the  exciting  current  corresponding  to  any 
load  of  known  power-factor.  Let  this  load  take  a  current  I  at  a  terminal  P.D. 
of  V  volts,  and  let  the  current  lag  behind  P.D.  by  an  angle  ^.  The  first  step 
consists  in  finding  the  E.M.F.  Ei  which  is  required  (a)  to  provide  the  terminal 
P.D.  and  (6)  to  maintain  the  current  I  against  the  resistance  of  the  armature 
(these  two  components  being  added  vectorially).  Using  curve  (a),  we  find 
the  exciting  current  I^  which  is  required  to  produce  Ei  volts  on  open  circuit. 
Next,  from  curve  (fi)  we  find  the  exciting  current  Iq  required  to  maintain  a 
current  I  through  the  short-circuited  armature.  From  I„  and  I^  the  required 
total  exciting  current  is  obtained  by  the  following  construction  :  Let  I^  and 
I^  be  taken  to  represent  two  sides  of  a  triangle,  and  let  the  angle  between 
them  be  made  equal  to  90"  -h  0.  Then  the  closing  side  of  the  triangle  gives 
the  exciting  current  corresponding  to  the  given  load.  If  the  curve  (fi)  is  not 
available,  I^  may  be  roughly  estimated,  for  a  three-phase  machine,  by  making 
use  of  the  formula — 

where  C  is  the  number  of  conductors  per  phase,  I  the  current  per  phase,  and 
S  the  number  of  turns  in  the  field-winding.    If  we  denote  the  value  of  la 

obtained  by  means  of  this  formula  by  I^,  and  use  K  for  the  true  value  as 

furnished  by  the  curve  (/3),  then  the  ratio  l!^/!^  is,  according  to  the  author, 

found  to  vary  between  0*65  and  1.  The  formula  given  above  is  based  on  the 
assumption  that  the  field  and  armature  ampere-turns  are  equal  when  the 
machine  is  run  on  short  circuit,  and  that  the  currents  follow  the  simple  sine 
law.    For  a  single-phase  alternator, 

the  arithmetic  mean  of  the  armature  current  being  used  in  this  case  instead    I 
of  the  maximum  value.    The  author  describes  a  number  of  interesting  experi* 
ments  on  five  machines  of  different  types,  and  shows  that  the  graphical 
construction  described  above  gives  results  agreeing  closely  with  experimental . 
data.  A.  H. 
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694.  Drop  in  Alternating-Current  Wires,  C.  P.  Poole.  (Elect.  World  and 
Engineer,  84.  pp.  780-781,  Nov.  18,  1899.) — For  the  purpose  of  computing  the 
difference  between  the  bus  bar  E.M.F.  and  that  at  the  load  with  any  degree 
of  convenience,  the  simplest  method  is  to  add  together  all  the  energy 
components  of  each  element  of  the  complete  circuit ;  similarly  add  together 
all  the  inductive  components,  and  then  find  the  vector  sum  of  these  two 
alithmetical  sums. 

An  example  is  given.  W.  G.  R. 

695.  Line  Losses  in  Polyphase  Transmission,  G.  T.  Hanchett.  (Amer. 
Electn.  11-  pp.  617-519,  Nov.  1899.)— The  author  calculates  the  relative 
volumes  of  copper  required  in  the  various  polyphase  systems.  It  is  assumed 
that  a  certain  power  has  to  be  transmitted  a  given  distance  at  a  given  voltage 
and  with  a  given  loss  in  a  single  line.  The  proportions  of  copper  arrived  at 
00  these  assumptions  are  :— 

1.  Single  phase  100 

2-  Two-phase  independent 100 

8.  Two-phase  Y  balanced   100 

4.  Two-phase  mesh. balanced .  60 

5.  Two-phase  Y  centre  to  earth 25 

©.   Twro-phase  three-wire 72*6 

7.  Monocyclic    100 -h  auxiliary 

8.  Three-phase  Y  75 

O.    Three-phase  Y  common  junction  earthed      25 

lO.   Three-phase  mesh    76 

W.  G.  R. 

600    ^l^ciricdiy  in  Coal-Mining.    J.  P.  Jackson  and  F.  F.  Thompson. 
.  Instit.  Elect.  Engin.,  Trans.  16.  pp.  469-477.    Discussion,  pp.  477-479. 

iftoQ  > -Tlie    authors  point  out  the  drawbacks  of  power  transmission 

^  '^£    3teain  and  compressed  air,  and  favour  the  use  of  electrical 

•  ™^ .      ioti    using  direct  current  for  haulage,  and  polyphase  currents  for 
axi<i    driving  fans,  in  spite  of  the  disadvantages  of  a  mixed  system, 
amping      ^    tHe  Davis  Coal  and  Coke  Company  at  Thomas,  West  Virginia, 
y^r%      ^esorit>ed,  and  curves  are  given  showing  the  nature  of  the  haulage 
'  lloixttin^   loads.    Bare  wires  are  preferred  for  all  purposes  in  mines, 

hon  H  tbe  da-o^^^  ^^  ^^^  ^^  pointed  out. 

^^^•.^  £>isotission,  E.  A.  Sperry  emphasised  the  danger,  especially  with 

.         tiixii  ctirrents,  and  stated  that  motors  were  generally  too  small  for  their 

.        ^VV.  S.  Aldrich  stated  that  the  use  of  electricity  enabled  abandoned 

-  to  l>e  profitably  reopened  and  deeper  veins  to  be  reached.         A.  H.  A. 


M7     Test    of  Railway  Generating  Plant    £.  J.  Willis.    (Amer.   Instit. 
,^  E-oigm-,  Trans,  16.  pp.  604-508,  Oct.,  1899.)— The  plant  tested  consisted 
«i  a  9QO-H.P*    Campbell-Tell  water-tube  boiler,'  a  800-kw.,  six-pole,  G.¥i. 
i     nawij  gjBoerator,  direct   coupled  to  a   Hoover,  Owens   and    RenUchiesr 
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horizontal,  tandem,  compound,  condensing  engine  running  at  100  r.p.m. 
The  feed  pump  and  the  condenser  were  operated  by  a  separate  boiler,  so  that 
all  steam  generated  by  the  boiler  passed  through  the  engine.  The  water 
consumption  was  measured  by  a  Worthington  hot-water  meter,  which  was 
accurately  tested  before  and  after  the  run.  The  draught  at  the  grate  was  five- 
eighths  of  an  inch.  Beading  were  taken  about  every  fifteen  minutes.  The 
load  was  as  follows  :  One  hour  at  200  amperes,  one  hour  at  800,  one  hour  at 
400,  and  one  hour  at  600  amperes.  Some  of  the  indicator  diagrams  are  given, 
and  the  summary  of  the  test,  of  which  figures  are  given  in  full,  is  as  follows  ; — 


E.  D.  P, 

698.  Electric  Tmdion  on  the  South  London  Railway.  P.  V.  McHahon, 
(Inslit.  Elect.  Engin.,  Journ.  28  pp.  608-608.  Discussion,  pp.  609-682,  Aug., 
1899.) — This  paper  contains  the  results  of  tests  and  observations  on  electric 
locomotives  on  the  underground  City  and  South  London  Railway,  The 
gauge  of  the  line  is  4  ft.  SJ  in.  The  overall  length  of  the  electric  locomotives, 
buffer  to  buffer,  is  14  feet  ;  their  width  is  6  fl.  10  in,  ;  wheel  base,  6  feet ;  and 
diameter  of  wheels,  2  ft,  8  in.  Each  locomotive  has  two  motors,  the  armatures 
of  which  are  iixed  directly  on  the  axles.  The  motors  are  arranged  in  series,  . 
and  the  regulating  gear  consists  of  a  reversing  switch,  which  changes  tbe 
armature  connections,  a  simple  rheostat  switch  in  series  with  the  motors, 
and  a  main  break  switch.     Particulars  of  the  motors  are  givea 

The  author  goes  somewhat  minutely  into  the  difficulties  he  had  in  getting 
a  suitable  dynamometer  to  register  the  draw-bar  pull,  and  also  the  variotts 
stages  through  which  the  experiments  had  to  pass  before  a  definite  line  of 
action  was  decided  on.  The  readings  were  taken  at  5-second  intervals  OB 
ammeter,  voltmeter,  tachometer,  and  dynamometer,  and  although  the  needle* 
vibrated  considerably,  the  numerous  curves  and  tabulated  data  show  that  the- 
results  agree  with  very  fair  accuracy. 

The  author  fixes  the  maximum  accelciation,  either  positive  or  negative, 
at  1'46  feet  per  second  per  second,  corresponding  to  stopping  in  W  secODdl, 
from  a  speed  of  20  miles  per  hour.  This  does  not  cause  discomfort  to  tim 
passengers,  and  it  is  not  too  hard  on  the  brakes  and  wheels.  If  for  practic 
reasons  it  is  not  desirable  to  adopt  a  higher  negative  acceleration  than  It 
feet  per  second  per  second  in  bringing  the  train  to  rest,  there  is  clearly  t. 
need  to  try  and  get  a  higher  positive  acceleration  at  starting. 

Particulars  are  given  of    tests  with  motors  of  larger  size  than  tlv 
ariginaily  used  on  the  locomotives,  which  the  experience  detailed  in 
earlier  part  of  the  paper  showed  were  necessary.    A  series  of  observati 
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booking-clerk  at  one  station  and  the  train-despatcher  at  another,  and  the 
only  duty  of  each  is  to  throw  in  the  circuit-breakers  should  they  fly  out. 
The  average  power  output  per  car-mile  ranges  from  2  kw.-hours  in  summer 
to  8*52  kw.-hours  in  winter,  the  latter  figure  including  electric  heating  of 
cars,  and  both  including  lighting,  air  compressors,  station  lighting,  fans,  and 
auxiliary  motors.  Coal  screenings  are  chiefly  used,  costing  1*12  to  1*80  dollars 
per  ton.  The  capacity  of  the  fourteen  chief  power  stations  in  Chicago  totals 
54,000  kw.,  the  largest  plant  in  one  station  being  9,600  kw.  Photos  of  several 
stations  are  given. 

The  overhead  construction  is  claimed  to  be  durable  and  inconspicuous. 

One  large  company  uses  No.  0  copper  trolley  wire  with  No.  6  silicon  bronze 
guard  wire.  Silicon  bronze  is  also  used  for  span  wires  in  the  city ;  -j^-inch 
stranded  galvanised  in  the  suburbs.  The  insulation  is  '^ Aetna"  throughout. 
Another  company  has  abandoned  No.  0  trolley  wire  in  favour  of  No.  00, 
because  of  the  latter's  greater  strength  and  of  its  assistance  to  feeders. 
Stranded  }-inch  galvanised  span  wires  are  used  with  it :  and  guard  wires, 
which  are  now  deemed  a  menace  to  life  and  property,  have  been  taken  down 
and  abandoned. 

Two  engravings  show  all  the  types  of  line  material  ever  used  on  the 
Chicago  City  Company's  system,  one  representing  the  present  standard,  in 
tft^ich  malleable  or  other  iron  has  been  abandoned  in  favour  of  brass,  because 
rust  deteriorates  it  and  also  bridges  the  insulation.  Discarded  brass  is  melted 
down  and  is  found  cheaper  in  the  long  run  than  iron.  Three  insulations  arc 
invariably  used  between  trolley  wire  and  earth.  Solder  is  no  longer  used  for 
dicing  trolley  wire  or  attaching  hangers,  but  only  for  feeder  joints :  soldering 
is  found  to  anneal  the  trolley  wire  and  cause  crystallisation  and  breakage.  At 
about  75°  F.  a  sag  of  8  to  10  inches  is  allowed  in  all  spans  of  115  to  120  feet. 
Clinch  ears  are  used  :  they  move  slightly  if  trolley  pole  catches  in  the  span 
wires.  Lattice  poles  are  discarded  in  favour  of  tubular  iron  poles  in  three 
sections,  7  inches,  6  inches,  and  5  inches  diameter,  weighing  850  to  900  lbs. 
Comer  poles  have  sections  8  inches,  7  inches,  and  6  inches  in  diameter  ;  strain 
poles  weight  up  to  1,200  lbs.  Poles  are  set  in  6  feet  of  concrete  and  rest  on 
hard  wood  boards.  At  the  street  surface  an  iron  thimble  12  inches  long 
encircles  the  pole  ;  the  thimble  is  1  inch  larger  in  diameter  than  the  pole  and 
when  the  latter  is  in  position,  concrete  is  run  in  up  to  a  flange  on  the  thimble. 
Poles  are  repainted  every  three  or  four  years  and  depreciate  8^  to  4  per  cent. 
pier  annum,  as  against  cedar  poles,  6J  to  7  per  cent.  Lead-covered  rubber 
cables  are  the  standard.  All  return  circuit  cables  within  two  or  three  miles 
of  the  power  house  are  made  80  per  cent,  greater  in  section  than  the  corre- 
sponding out-going  cables. 

The  North-Western  Elevated  Railway  has  erected  76,000  lbs.  of  bare 
almninium  feeder  of  1,800,000  circular  mils  section,  in  which  a  secret  weld  is 
'jicdL  The  motors  now  in  use  include  1,688  of  the  G.E.-800  (25  H.P.)  type. 
755  of  the  corresponding  Westinghouse  pattern  besides  larger  motors,  the 
totaJ  number  being  over  8,000.  As  the  result  of  careful  tests,  of  which  a  tabu- 
lation is  given,  the  G.E.-56  (150  H.P.)  motor  with  "  L  "  controller  has  been 
^elected  as  the  best  equipment  for  the  Lake  Street  and  North-Western  Elevated 
Railways.  Electric  heating  is  general,  the  "  Consolidated  "  heater  being  the 
type  most  used.  *' Falk "  cast- welded  joints  are  now  the  standard,  100,000 
iBtnn^  been  made.  Copper  bonds  are  then  omitted,  care  being  taken  to 
dean  the  rail  ends  with  sand-blast  before  welding.  A  brief  account  is  given 
of  the  New  North-Western  Elevated  Railway  now  in  progress.  It  is  tV\e  ^tsl 
railway  built  originally  /or  electric  traction,  E.  H.  C.-Y^ 
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603.  Traction  Data.  W.  B.  Potter.  (Street  Rly.  Journ.  16.  pp.  701-702, 
Oct.,  1899.) — The  General  Electric  Company's  motors  are  rated  at  the  H.P. 
which  they  will  develop,  with  a  temperature  rise  of  76°  C.  in  one  hour. 
The  average  H.P.  required  of  a  motor  should  not  exceed  80  per  cent,  of 
its  rating  ;  its  temperature  rise  under  ordinary  service  conditions  will  then 
be  about  60°  C.  If  electric  brakes  are  used  the  heating  will  be  increased 
by  20  to  26  per  cent,  and  a  larger  motor  should  therefore  be  used.  The 
total  H.P.  (rated  on  the  hour  basis)  for  an  ordinary  city  or  interurban 
car  may  be  taken  as  K^^tal  weight  in  tons  of  2,000  lbs.  x  maximum  speed 
in  m.p.h.  on  level).  •  If  electric  brakes  are  used,  i  should  be  written  instead 
of  i.    The  maximuni  speed  is  generally  twice  the  schedule  speed. 

Excluding  car  friction,  a  tractive  effort  of  92J^  lbs.  per  ton  (2,000  lbs.) 
will  produce  an  acceleration  of  one  mile  per  hour  per  second  on  level 
track.  On  an  ordinary  street  car  the  tractive  effort  during  acceleration 
often  rises  to  200  or  800  lbs.  per  ton  :  on  elevated  or  suburban  lines  100 
to  160  lbs.  per  ton  is  the  usual  maximum.  From  tests  it  has  been  found 
that  the  tractive  efforts  necessary  to  overcome  rolling  friction  and  air  resistance 
are,  for  different  weights  and  speeds  of  car,  as  follows : — 


Weight  of  Car. 

Speed,  up  to 

TracUve  Effort. 

15  tons 

26  m.p.h. 

25  lbs.  per  ton 

16     „ 

t 

60      „ 

60 

25    „ 

25      „ 

20 

25    „ 

60      „ 

25 

100    „  (train) 

26      „ 

15 

Heavy  freight 

train 

26      „ 

6  to  10  „ 

The  "tractive  coefficient,"  or  ratio  of  the  total  tractive  effort  to  the 
weight  on  the  driving  wheels^  should  be  at  least  1:6.  A  series  of  tests 
gave  the  following  results  : — 

Tractive  Coefficient. 

Dry  rail 28  per  cent.        Sanded,  28  per  cent. 

Thoroughly  wet  rail...    20      „  „       25      „ 

Greasy  moist  rail 15      „  „        25      „ 

To  approximate  the  capacity  of  power  station  required  for  a  given  service, 
the  average  energy  required  may  be  assumed  to  be  100  watt-hours  per  ton- 
mile  of  schedule  speed  for  ordinary  conditions  of  city  or  interurban  service. 
If  the  stops  are  a  mile  or  more  apart  this  figure  may  fall  to  60  or  70 
watt-hours,  while  frequent  stops  and  very  high  schedule  speed  will  increase 
it  to  120  watt-hours,  or  more.  E.  H.  C.-H. 


604.  Wcsiinghouse  Electro-pneumatic  Car-control  System.  (Street  Rly.. 
Journ.  .15  pp.  708-708,  Oct.,  1899.)— G.  Westinghouse  has  evolved  a  system-  -j 
for  moving  the  controlling  apparatus  on  any  number  of  motor-cars  by  meanft  -J 
of  compressed  air,  whose  admission  to  the  several  parts  is  effected  by^- 
electrically  operated  valves,  circuits  to  which  are  manipulated  by  one 
multiple-contact  switch.  On  an  extension  of  the  ordinary  controller  spincU 
are  fitted  ratchet  wheels  into  which  pawls  engage  on  the  ends  of  the  pistoo 
of  the  air  cylinders.  Applying  the  air-brake  releases  the  controller.  A  nci 
form  of  compound  direct-connected  rotary  air  compressor  is  used.  * 
diagram  of  the  electric  and  pneumatic  connections  on  two  motor-cars 
fiivcn.    Also  particulars  of  a  special  truck.  E.  H.  C-1 


i 
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606.  Electric  Welding  of  Rail  Joints,  R.  F.  Danforth.  (Street  Rly. 
Rev.  9.  pp.  blb-bll,  Sept.  15,  1899.  Paper  read  before  the  Street  Railway 
Association  at  New  York.) — ^Welding  by  bringing  the  abutting  joints  to  a 
welding  temperature  has  proved  a  failure  because  the  homogeneity  of  the  steel 
is  destroyed.  At  Buffalo  the  Johnson  Company  are  now  using  a  method  by 
which  the  ball  of  the  rail  never  reaches  more  than  a  dull-red  heat,  the  weld 
being  made  between  facing  strips  at  the  centre  and  ends  of  the  splice  bars. 
The  surfaces  to  be  welded  are  pressed  together  with  a  pressure  of  from  8 
to  ^  tons  per  square  inch.  After  the  weld  is  made,  the  head  of  the  rail 
is  ground  to  a  true  surface  by  an  emery  grinder.  About  250  amperes  at  500 
volts  are  required,  being  transformed  by  a  rotary  converter  to  800  volts 
alternating,  and  then  by  static  transformer  to  5  volts.  The  contacts  are 
water- jacketed.  A  machine  will  weld  four  joints  per  hour.  Expansion 
is  provided  for  by  special  joints  every  2,000  feet,  and  by  leaving  bolted  joints 
at  the  special  work. 

Welded  joints  require  no  bonding  and  do  not  cost  materially  more  than 
bolted  joints  plus  bonding.  Cast-welded  joints  give  as  good  a  result  me- 
chanically, but  the  electrical  contact  is  not  as  good.  Out  of  8,100  welded 
joints,  17  had  broken.  E.  H.  C.-H. 

606.  Methods  of  Picking  up  Current  on  Electric  Railways,  M.  Schiemann. 
(Deutsche  Zeitschr.  Elektrotechn.  6.  pp.  166-168,  Oct.  15,  1899.)— Sliding 
contacts  are  not  quite  satisfactory  for  high  speed  electric  railways  because  of 
the  wear ;  also  the  heat  generated  may  make  the  metal  seize.  The  author 
thinks  it  is  better  to  use  rolling  wheels  mounted  on  the  carriage  axles,  the 
£ace  of  the  wheel  being  sufficiently  wide  to  keep  contact  with  the  middle  rail 
on  going  round  curves.  Necessary  elasticity  can  be  given  to  the  wheel  to 
keep  good  contact,  by  having  the  spokes  fitted  with  springs.  E.  K.  S. 

607.  Underground  Conduit  and  Three-Wire  Trolley  System,  (Tram.  Rly. 
World,  8.  pp.  879-884,  Oct.  5,  1899.)— A  description  of  the  conduit  system 
to  be  used  by  the  London  United  Tramways  on  two  miles  of  track  between 
Hammersmith  Broadway  and  Young's  Corner,  Chiswick.  The  conduit  and 
track  construction  are  illustrated,  and  are  similar  to  those  used  in  New  York. 
The  slot  will  not  exceed  }  inch  in  width.  One  hundred  cars,  carrying 
30  pa^iengers  inside  and  88  outside,  will  be  provided  on  Peckham  maximum 
traction  trucks.  Each  car  wiU  be  33  ft.  4  in.  overall,  and  will  have  two 
trolley  standards  for  use  on  the  trolley  sections  beyond  the  London  boundary. 
There  will  be  two  trolley  wires  over  each  track  throughout,  the  two  inner 
virea  being  connected  to  form  the  neutral  pole.  The  power  station  will  be 
at  Chiswick,  and  wiU  contain  three-phase  plant  at  5,000  volts  and  25  periods. 
Eight  miles  of  distant  line  will  be  operated  from  a  substation  with  static 
transformation  from  5,000  to  850  volts,  and  then  rptary  conversion  to  550 
coBtinuous  volts.  The  rotaries  will  also  act  as  balancers.  At  first  the  services 
oa  the  conduit  and  trolley  sections  will  probably  be  independent. 

E.  ci.  C.-H. 

608.  Street  Railway  Trucks,  W.  H.  Healings,  Jr.  (Street  Rly.  Journ. 
15.  p.  809,  Nov.,  1899.  Paper  read  before  the  Pennsylvanian  Street  Rly. 
Association.) — Most  of  the  destruction  of  street  railway  tracks  comes  from 
batfly  constructed  and  not  from  heavy  cars.  Destructive  power  of  a  car 
tarie^  as  the  square  of  its  speed.  Tests  made  as  the  result  of  litigation  at 
Sev  Orleans  pro'ved  that  22-f eet  cars  on  maximum  traction  trucks  consume  no 

lore  power  than  IS-feet  cars  on  single  four-wheel  trucks.  £.  H.  C.-H. 


232  SCIENCE  ABSTRACTS. 


TELEGRAPHY  AND  TELEPHONY. 

609.  KamnCs  Zerograph.  (Electrician,  44.  pp.  146-146,  Nov.  24,  1899.)— 
This  is  a  type-printing  telegraph  by  L.  Kamm,  and  is  an  improvement  upon 
a  similar  apparatus  brought  out  two  years  ago.  A  flat  spring  moves  over 
a  lever  which  presses  against  a  pin  on  the  synchronising  arm  and  forces  it 
forward  as  soon  as  the  arm  is  released  by  depression  of  a  key.  The  travel  of 
this  lever  can  be  altered  by  adjusting  a  screw.  Originally  the  depression  of 
a  key  energised  a  starting  magnet  which  released  the  synchronising  arm  ;  but 
this  is  now  done  away  with,  and  the  disengagement  of  the  arm  is  effected 
mechanically,  as  is  also  the  contact  sending  a  current  to  line.  As  formerly, 
when  the  arm  reaches  a  position  corresponding  to  the  key  depressed,  a 
second  contact  is  made.  Formerly  this  closed  the  circuit  of  a  "second- 
contact  magnet,"  whose  function  was  to  send  a  second  current  to  line.  Now 
also  a  second  current  impulse  is  sent  to  line,  but  the  "  second -contact " 
magnet  is  replaced  by  a  light  armature  added  to  the  printing  magnet. 

To  have  the  maximum  number  of  signs  with  the  minimum  number  of 
keys,  there  are  two  types,  one  above  the  other,  on  each  type  spring ;  and 
there  is  a  special  key,  as  on  some  typewriters,  to  change  from  upper  to  lower 
case.  Ordinarily  the  upper  of  the  two  types  would  be  struck  against  the 
tape  and  ink  ribbon  when  the  printing  magnet  is  energised  ;  but,  when 
the  shifting  key  is  depressed,  the  type  quadrant  rises  by  exactly  the  difference 
in  height  between  the  two  types,  and  the  second  type  comes  into  action. 
When  the  other  shifting  key  is  depressed,  the  type  carriage,  upon  which  is  . 
the  quadrant,  is  restored  to  its  former  position.  The  maker  claims  that  the 
effect  of  capacity  and  inductance  on  a  long  line  is  minimised  by  the  extreme 
brevity  of  the  current  impulse.  The  apparatus  is  said  to  have  been  tried 
successfully  between  Berlin  and  Frankfort  upon  an  iron  telegraph  wire,  upon 
a  metallic  circuit  between  Paris  and  Rouen,  and  is  on  trial  in  the  G.P.O.  in 
London,  where  it  has  been  worked  on  an  underground  cable  to  Leamington. 

E.  O.  W. 


i. 
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610.  Farmers'  Telephones.  (Elect.  Rev.  N.Y.  35.  p.  159,  September  6,  1899.)— A  . 
small  exchange  used  by  farmers  who  have  clubbed  together  and  are  connected  by  I 
one  trunk  to  the  nearest  town.  M.  0*G,      | 

611.  Modern  Teleplwny,    A.  R.  Bennett.   (Feilden,  1.  pp.  320-836,  Oct.,  1899. 
— Describes  some  constructive  requirements  and  switching  systems  for  telephonic 
communications.  J.  E.  K. 
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t  Viicosily.  T.  E.  Thorpe.  (Roy.  Inslit.,  Proc.  15.  pp.  641-660, 1899.) 
■  author  give^  an  accounl  of  the  main  results  of  the  investigations  on  the 
ttion  between  viscosity  of  liquids  and  chemical  nature  carried  out  by 
If  in  collaboration  with  the  late  J.  W.  Rodger.  An  improved  form  of 
iiui  was  used  which  enabled  a  scries  of  successive  measurements  with 
ime  liquid  to  be  rapidly  made  without  disturbing  the  apparatus  in  any 
!.{.,  for  refilling,  &c.,  as  in  the  ordinary  forms).  For  each  liquid  the 
jie  viscosity  ■coefficients  were  <letermined  at  various  temperatures,  the 
aioi  being  immersed  in  a  water  or  glycerine  bath,  which  was  kept  at  a 
rm  temperature  by  stirrers  driven  by  a  small  turbine.  A  curve  is  given 
ing  the  riscosity  of  water  at  temperatures  between  0"  and  100°  C,  and  in 
rclion  with  this  the  author  gives  an  interesting  account  of  the  various 
iirmalilies  "  exhibited  by  water,  and  how  they  can  be  explained  by  the 
jpiion  of  the  existence  of  molecular  complexes.  A  tabulated  list  is 
1  of  the  constants  in  Slotte's  formula,  ij  =  C/(l  +  bty,  for  the  various 
uice>  examined.  The  author  then  discusses  the  qucsljon  as  lo  what 
eratnrcs  :ire  lo  be  regarded  as  ■'corresponding"  for  the  purpose  of 
^e  :<toechio metrical  deductions,  and  gives  finally  a  list  of  fuadamenlal 

•■tj-amitants  corresponding  to  equal  values  of  -,.  From  these  it  is 
bit  to  calculate  values  for  the  viscosilics  of  most  of  the  substances 
med  which  arc  in  very  fair  agreement  with  tile  observed  v.ilues,    F.  G.  D. 

!i  Soap  Emulsions.  F.G.  Donnan.  (Zcitschr.  Phys.Chcm.81.  pp.42- 
*c  32.  lew.)— -The  author  allows  a  definite  volume  of  olive  or  rape 
'  Bow  from  a  pipette  with  a  turned-up  end  through  alkali  solutions  of 
eg  urengthb,  and  counts  the  number  of  drops  formed  in  each  case.  In 
Me  o(  the  ordinary  rape  oil  of  commerce  the  number  of  drops  increases 

tbr  coacentntion  of  the  alkali  solution  ;  thus  with  water  88  drops  are 
■Bl,  whilst  with  a  caustic  soda  solution  containing  00011  gram- molecules 

*e  the  number  of  drops  is  480.  Similar  behaviour  is  observed  when 
M  orbooate,  borax,  and  other  sodium  salts  which  suffer  hydrolytic 
*vtMm  in  aqueoos  sohition  are  employed.    These  results— as  well  as 
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618.  Optical  Constants  and  Dispersion  oj  Camphoi  Derivatives,  A.  Haller 
and  P.  T.  Mullen  (Comptes  Rendus,  129.  pp.  1006-1008,  Dec.  11,  1899.) 
— The  authors  have  determined  the  refractive  indices,  dispersions,  and 
rotatory  powers  of  a  number  of  alkylcamphors  obtained  by  the  reduction 
of  the  compounds  formed  by  the  condensation  of  camphor  with  aromatic 
aldehydes.  The  results  confirm  the  conclusion  that  the  high  values  found 
for  the  physical  constants  in  question  in  the  case  of  these  latter  compounds 
are  due  to  the  presence  of  a  double,  or  ethylenic,  atomic  linkage.  N.  L. 

619.  Refractive  Indices  of  Metals.  E.  van  Aubel.  (Zeitschr.  Phys.  Chem. 
80.  pp.  666-666,  Dec.  1,  1899.) — The  refractive  indices  of  a  number  of  metals 
are  here  calculated  from  the  refractive  indices  of  salts  of  the  metal,  either  in  the 
solid  state  or  in  a  state  of  solution.  The  values  obtained  are  compared  with 
Drude's  experimental  results,  but  there  is  no  sort  of  agreement  between  them. 

Kundt's  theory,  that  the  product  of  refractive  index  and  electric  con- 
ductivity of  metals  should  be  constant,  does  not  at  all  agree  with  Drude's 
results,  nor  does  it  agree  any  better  with  the  values  of  the  refractive  index 
calculated  in  this  paper.  J.  B.  H, 

620.  Binocular  Magnifying  Glass.  E.  Berger.  (Comptes  Rendus,  129. 
pp.  821-823,  Nov.  20,  1899.) — Endeavours  have  been  made  to  construct  a 
binocular  apparatus  for  the  use  of  watchmakers  and  others  which  should  have 
a  low  magnifying  power  and  a  large  field  of  view.  In  his  apparatus  the 
author  uses  eccentric  convex  lenses,  inclined  to  the  line  of  view,  so  as  to 
increase  the  angle  of  incidence  and  the  prismatic  effect  of  the  lenses.  The 
inclination  of  the  lenses  should  be  so  chosen  as  to  counteract  any  effect  of 
astigmatism,  either  in  the  obser\'er's  eye  or  in  the  lenses  themselves.   E.  E,  F, 

621.  Colour  Photography.  L.  Vidal.  (Scientific  American.  81.  pp.  284-j 
235,  1899.) — The  paper,  read  before  the  Photographic  Club  of  Paris,  givi 
working  details  of  a  method  of  preparing  photographic  transparencies  iii^ 
natural  colours.  Three  negatives  are  taken  through  three  coloured  scrcenSi^ 
and  from  tliese  positives  are  printed  on  bichromate-sensitised  films.  Tl 
positives  are  dyed  with  the  complementary  colours  of  the  screens  witli  whu 
they  were  obtained,  and  superposed.  Formula?  are  given  for  the  colourii 
solutions.  G.  H, 

622.  Propagation  of  Light.    J.  Boussinesq.    (Comptes  Rendus,  129.  p| 
S59-864,  Nov.  27,  and  pp.  906-911,  Dec.  4,  1899.)— A  mathematical  investij 

ion  of  the  propagation  in  a  heterogeneous  transparent  medium  of  a  lateral 

mited  pencil  of  parallel  light,  the  integration  of  the  equations  of  moti 

MUg  given.   In  the  second  portion  the  author  discusses  the  justification  of  \ 

nciple  of  Fermat  on  the  economy  of  time  in  the  transmission  of  lumiiM 

-ion  across  a  heterogeneous  medium   which    is    also    transparent    a 

jopic.    These  papers  are  a  continuation  of  a  previous  one  (Comp 

^7u5,  129.  pp.  794-798,  Nov.  20, 1899).  J.  J 
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623.  Polarisation  Photometer,  .F.  F.  Martens.    (Deutsch.  Phys.  GeselL, 

Vcrh.  1.  pp.  204-208,  1899.) — The  working  parts  of  this  photometer  arc 

contained  in  a  tube  which  can   be  turned  about  its  axis,  the  angle  being 

measured  on  a  circular  scale.    The   lights  to  be  compared  are  admitted 

through  two  openings  at  the  end  of  the  tube  and  passed  successively  through 

an  objective,  a  Wollaston  prism,  a  biprism,  an  analysing  Nicol,  and  two  lenses 

forming  a  Ramsden's  eyepiece.    The  instrument  in  some  respects  resembles 

the  sptxtro-photometer  of  Konig,  but  important  advantages  are  claimed  for  it 

as  regards  speed  and  certainty  of  working,  due  to  the  fact  that  the  biprism 

and  the  Wollaston  prism  are  adjustable  at  different  angles,  affecting  the 

sensitiveness  and  speed  of  action.     The  adjustment  for  equality  of  the  two 

hahres  of  the  field  is  effected  by  turning  the  analysing  nicol  through  an  angle 

indicated  on  one  of  the  scales  of  the  instrument.    The  instrument  is  so  con- 

"^nicted  that  its  working  tube  can  be  pointed  in  any  direction,  so  that,  for 

in^^tancc,  the  light  coming  from  a  particular  part  of  the  sky,  or  that  from  a 

luminous   surface,  can    be    examined    with    equal    convenience.      A    brief 

description  is  given  of  five  uses   to  which   the  instrument  can    be   put  : 

r'l)  Detection  of  the  plane  of  polarisation  of  a  source  of   plane  polarised 

light ;  (2)  Nf  easurement  of  the  proportion  of  polarised  to  nonpolarised  light ; 

(3)  Measurement  of  candle-power ;  (4)  Measurement  of  the  rotating  power 

of  a  liquid  ;  (5)  Measurement  of  the  absorption  power  of  a  substance.  W.  E.  S. 

624.  Rotatory  Power  and  Pressure.  L.  H.  Siertsema.  (Archives  Neer- 
hndaises,  8.  pp.  79-87, 1899.) — The  results  are  given  of  experiments  on  the 
effect  of  pressure  on  the  natural  rotation  of  the  plane  of  polarisation  in 
wtutions  of  cane  sugar.  The  experiments  are  considered  with  reference  to 
the  hypothesis  of  Tammann  as  to  the  influence  which  internal  pressure  exercises 
on  molecular  properties.  According  to  this  theory  the  coefficient  of  variation 
ok  specific  rotatory  power  when  an  external  pressure  is  exerted  should  be  the 
•same  as  in  the  case  of  variation  of  internal  pressure,  and  this  last  may  be 
modified  by  the  addition  of  sugar  or  any  salt.  The  author  concludes  that  in 
the  \-ariations  which  the  specific  rotatory  power  undergoes  through  pressure, 
change  of  concentration  and  the  addition  of  an  inactive  salt,  there  are 
involved  phenomena  more  complicated  than  the  theory  of  Tammann  is 
capaMe  of  explaining.  J-  J-  S. 


Interferometer  Study  of  Zeetnan  Effect,  J.  C.  Shedd.  (Phys.  Rev.  9. 
pp.  1—19,  and  pp.  86-116,  1899.) — The  first  portion  contains  an  historical 
snmmary  of  the  methods  hitherto  adopted,  and  an  account  of  some 
prelinxinary  experiments  with  Michelson's  interferometer.  The  second  part 
cmtains  an  account  of  the  work  done  with  the  interferometer  for  the  purpose 
of  determining  the  relation,  at  different  temperatures,  of  the  magnetic 
<fisplacement  to  the  strength  of  field,  and  of  measuring  the  displacement 
determining  the  ratio  ejm.  The  values  obtained  for  the  magnetic 
show  that  any  classification  based  upon  this  alone  is  of 
value ;  but  that  a  classification  based  upon  the  value  of  ejm  gives 
of  lines  identical  with  Michelson's  three  types  of  lines.  The 
ty  of  structure  also  depends  upon  the  value  of  efm.  The  method 
adopted  is  similar  to  existing  interferometer  methods,  but  is  claimed  to  be 
ipedally  adapted  to  the  problem  attacked.  £.  £.  F. 


AnomaUms  Dispersum.    £.   Aschkinass.    (Ann.  d.  Physik,  1.  1. 
ffL4k66^  Jan.  1900.)— The  electromagne/ic  theory  of  dispersion  leads  to  the 
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conclusion  that  anomalous  dispersion  must  Occur  in  the  infra-red  spectrum 
whenever  the  value  of  the  refractive  index  for  waves  of  infinite  length,  derived 
from  Cauchy's  formula  by  extrapolation,  is  not  equal  to  the  square  root  of  the 
dielectric  constant.  This  consideration  was  utilised  by  the  author  as  a  guide  in 
the  selection  of  substances  in  which  anomalous  dispersion  might  be  expected. 
To  discover  this  anomalous  dispersion  the  author  employs  the  method  of 
multiple  reflection.  He  thus  found  a  number  of  anomalous  dispersion  bands 
in  quartz,  mica,  fluorspar,  marble,  gypsum,  alum,  rock-salt,  sylvine,  and  the 
bromides  of  sodium  and  potassium.  Those  in  quartz  occurred  at  8*60,  9'02, 
and  20*75  /i,  while  that  in  potassium  bromide  occurred  at  the  extreme  region 
of  measurable  rays,  between  60  and  70  /i.  E.  E.  F. 

627.  Chemical  Action  of  Rontgen  Rays,  P.  Villard.  (Comptes  Rendus, 
129.  pp.  882-883,  Nov.  27,  1899.)— Not  only  do  Becquerel  rays  exert  a  well- 
defined  chemical  action  (see  1899,  Abstract  No.  1144),  but,  as  the  author  shows, 
Rontgen  rays  also  exert  a  chemical  action,  not  only  upon  photo-sensitive  salts, 
but  upon  substances  contained  in  some  kinds  of  glass.  He  expresses  this 
fact  drastically  by  saying  that  radiographs  can  be  obtained  with  simple  glass 
plates  instead  of  sensitive  plates.  The  colouring  action  of  Rontgen  rays  upon 
the  tubes  generating  them  is  well  known.  The  portion  of  the  tube  which  lies 
in  front  of  the  plane  of  the  antikathode  takes  a  violet  or  brown  tinge 
according  to  the  composition  of  the  glass.  Villard  encloses  the  antikathode 
in  a  wide  tube,  and  protects  the  inner  surface  of  the  latter  from  the  action  of 
diffused  kathode  rays  by  a  lining  of  aluminium  foil.  In  that  case  only  a  violet 
colouring  is  produced,  even  in  ordinary  lead  glass.  On  removing  the 
aluminium  lining  the  lead  glass  is  coloured  brown,  owing  to  the  oxidation 
of  the  lead  by  the  diffused  kathode  rays.  No  colour  is  produced  behind  a 
platinum  screen.  The  author  proposes  to  make  a  silicate  in  which  the 
reducing  action  should  be  more  pronounced  and  apparent.  E.  E.  F. 

628.  Influence  of  Rontgen  Rays  upon  Selenium.  Perreau.  (Comptes 
Rendus,  129.  pp.  966-967,  Dec.  4,  1899.)— The  author  made  the  simple 
experiment  of  exposing  a  selenium  cell  to  the  action  of  an  X-ray  tube  at  a 
distance  of  6  cm.  Its  resistance  fell  "  rapidly  "  from  40,000  ohms  to  84,000 
ohms,  and  kept  oscillating  slightly  about  the  latter  value,  owing  probably  to 
variations  in  the  intensity  of  the  rays.  When  the  rays  ceased,  the  cell 
regained  its  normal  conductivity  more  slowly  than  it  docs  after  the  impact  of 
light.  The  reduction  in  the  resistance  was  the  same  as  would  be  produced 
by  a  gas-jet  placed  at  a  distance  of  1*6  m.  The  action  of  the  Rontgen  rays 
diminished  with  increasing  distance,  but  was  still  sensible  at  17  cm.  Tlie 
author  made  sure  that  the  effect  was  not  due  to  secondary  causes.  Electric 
waves  do  not  affect  the  resistance  of  selenium.  E.  E.  F. 

629.  Magnetic  Deflection  of  Becquerel  Rays.  H.  Becquerel.  (Comptoi 
Rendus,  129.  pp.  996-1001,  Dec.  11,  1899.)— A  small  piece  of  radio-active, 
barium,  wrapped  in  aluminium  foil,  is  placed  in  the  centre  of  an  iron 
forming  one  pole-piece  of  a  strong  electromagnet.  The  other  pole-piece  carrii 
a  fluorescent  screen.  When  the  magnet  is  not  excited  a  faint  and  widoi 
dispersed  luminosity  is  found  on  the  screen.  As  soon  as  the  magnet  is  exciti 
the  luminous  area  contracts  and  becomes  more  intense.  It  is  immaterial  he 
the  magnet  is  excited,  as  a  reversal  of  the  poles  does  not  a£Fect  the  rest 
Sensitive  plates  show  the  increase  of  intensity  very  clearly.     With  a  distas 

ofJ^  mnj'  between  the  pole-pieces,  s^  strongly  marked  negative  is  obt^q^ 
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a  minute  and  a  half.  When  the  niys  pass  across  the  maj^iietic  Hnes  of  force, 
and  not  along  them,  the  rays,  after  proceeding  upwards  from  the  source, 
cur\'e  round  like  projectiles  and  impinge  upon  the  plate  along  a  curve 
extending  from  one  -pole  to  the  other,  and  bending  out  of  the  way  of  the 
radiant  substance  in  the  centre.  The  properties  described  are  analogous  to 
those  of  kathode  ravs.  E.  E.  F. 

630.  Magnetic  Deflection  of  Becqticrd  Rays.  H.  Becquerel.  (Comptes 
Kendus,  129.  pp.  1205-1207,  Dec.  26,  1899.)— The  author  describes  some 
further  interesting  qualities  of  the  rays  named  after  him.  It  appears  that 
their  magnetic  deflection  is  a  property  varying  from  one  radiant  preparation 
to  another.  Polonium  preparations  show  no  traces  of  deflected  rays  in  the 
mo>t  powerful  magnetic  field,  whereas  radium  preparations  show  very 
distinct  magnetic  deflection.  This  would  point  to  the  conclusion  that  the 
dtfiference  between  Rontgen  and  Becquerel  rays  is,  after  all,  a  quantitative 
rather  than  a  qualitative  one,  and  absorption  and  magnetic  deflection  appear 
lo  go  hand  in  hand.  Another  striking  experiment  described  by  the  author  is 
the  following :  A  piece  of  radium  preparation  is  placed  in  a  uniform  magnetic 
field,  and  a  photographic  plate  near  it  with  its  plane  normal  to  the  lines  of 
force.  The  result  is  '*  an  intense  impression,  limited  by  a  spiral  whose  sense 
is  that  of  the  current  which  produces  the  field."  This  spiral  is  the  trace, 
deformed  by  the  field,  of  the  line  of  intersection  of  the  vertical  plate  and  the 
plate  on  which  the  radium  rests.  If  it  could  be  proved  that  the  radiation 
transports  charged  particles  which  are  deflected  by  an  electrostatic  field  it 
would  be  p)Ossible  to  form  an  estimate  of  the  velocity  of  the  rays.  But  the 
expcrinientd  undertaken  hitherto  in  this  direction  have  not  given  any  indica- 
tion of  electric  deflection  or  electric  charges.  The  curves  obtained  in  the 
photographs  show  that  the  speed  of  propagation  of  radium  radiation  is  of  the 
order  of  the  speed  of  rotation  communicated  by  a  magnetic  field  of  about 
4,000  units.  If  it  is  admitted  that  in  a  field  in  air  of  unit  strength  the  speed 
of  rotation  of  the  magnetic  whirls  is  2ir  X  6*6  X  10*  per  second,  the  velocity  of 
the  radium  rays  comes  out  very  near  the  velocity  found  for  kathode  rays. 

E.  E.  F. 

031.  Radio-active  Substance  emitted frotn  Thorium  Compounds.  £.  Ruther- 
forcL  (Phil.  Mag.  49.  pp.  1-14,  Jan.  1900.) — Besides  the  ordinary  radiation 
from  thorium  compounds,  similar  to  that  from  uranium,  it  is  found  that  they 
continuously  emit  radio-active  particles  of  some  kind,  which  retain  their 
radio-active  powers  for  some  minutes.  This  emanation  has  the  power  of 
ionising  the  gas  in  its  neighbourhood  and  of  passing  through  thin  layers  of 
cnetals,  and  with  great  ease  through  considerable  thicknesses  of  paper.  The 
emanation  gradually  loses  its  radio-active  power.  It  passes  through  a  plug 
of  cotton- wool  without  any  loss  of  its  radio-active  powers.  It  is  also 
anafiFectcd  by  bubbling  through  hot  or  cold  water,  weak  or  strong  sulphuric 
add.  In  this  respect  it  acts  like  an  ordinary  gas  and  differs  from  an 
a&aemblage  of  ions. 

It  is  suggested  that  the  emanation  may  possibly  be  a  vapour  of  thorium,  but 
on  trial  it  was  found  that  the  amount  of  the  emanation  from  thorium  oxide 
was  not  sufficient  to  appreciably  alter  the  pressure  of  the  gas  in  an  exhausted 
tube,  and  the  spectrum  of  the  gas  was  unchanged.  The  positive  ion  produced 
in  a  gas  by  the  emanation  was  found  to  possess  the  power  of  producing  radio- 
in  all  substances  on  which  it  fell.    This  power  of  giving  forth  a 
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632.  Phosphorescence  Produced  by  Radiation  from  Radium,  H.  Becquerel. 
(Coniptcs  Rcndus,  129.  pp.  912-917,  Dec.  4,  1899.) — Various  substances  were 
exposed  to  the  action  of  the  radiation  given  out  by  an  active  specimen  of  the 
chloride  of  barium  containing  radium.  The  materials  used  included  hexagonal 
blende,  platinocyanide  of  barium,  diamond,  double  sulphate  of  uranium  and 
potassium.  The  phosphorescence  produced  varied  in  the  different  cases. 
When  screens  of  different  nature  were  interposed  between  the  radiating 
source  and  the  phosphorescent  bodies  it  was  found  that  there  was  an 
absorption  relatively  unequal  by  the  same  screen  of  the  radiation  which 
excited  the  phosphorescence  of  the  different  substances.  It  seems  that  each 
substance  is  excited  by  a  particular  radiation,  and  it  may  be  concluded  that 
radiations  of  different  nature  proceed  from  the  radiating  source,  which  are 
characterised  by  their  absorption,  and  are  analogous  to  the  radiations  of 
different  wave-length  from  a  beam  of  white  light. 

In  certain  minerals  there  is  a  considerable  persistence  of  the  phos- 
phorescence excited  by  radium. 

A  large  number  of  bodies  when  exposed  to  the  influence  of  radium  acquire 
a  temporary  power  of  rendering  the  air  conducting  and  can  discharge 
electrified  bodies  at  a  distance.  These  facts  afford  new  proofs  of  the  reality 
of  a  continuous  emission  of  energy  by  radio-active  bodies.  They  show, 
moreover,  the  existence  in  this  emission  of  particular  radiations  characterised 
by  their  selective  absorption.  J.  J.  S. 

633.  Chemical  Effect  of  Becquerel  Rays.  P.  and  Mme.  Curie.  (Comptes 
Rendus,  129.  pp.  82a-825,  Nov.  20,  1899.)— The  rays  emitted  by  very  active 
radiant  salts  of  barium  are  capable  of  transforming  oxygen  into  ozone. 
When  the  salts  are  kept  in  a  stoppered  bottle,  the  smell  of  ozone  is  perceived 
on  opening  it.  This  was  first  observed  by  Demargay.  Potassium  iodide 
paper  is  coloured  blue.  It  is  only  the  luminous  radio-active-  preparations 
which  produce  this  effect,  but  it  is  more  the  radio-activity  than  the  luminosity 
which  is  effective,  since  highly  luminous  preparations  are  often  less 
chemically  active  than  those  of  inferior  luminosity.  Another  chemical  effect 
produced  is  the  violet  colouration  of  the  glass  in  contact  \vith  the  salt.  The 
violet  colour  gradually  penetrates  the  glass,  and  deepens  in  shade,  finally 
becoming  nearly  black.  There  is  also  an  effect  of  tlie  rays  upon  barium 
platinocyanide  screens,  which  gradually  turn  yellow  and  brown  under  their 
influence  and  lose  their  power  of  fluorescence.  But  this  is  immediately  ii 
restored  by  exposure  to  sunlight.  Of  all  these  effects  the  production  of  ozone  ; 
is  the  most  significant,  as  it  implies  a  continuous  expenditure  of  energy.  i 

E.  E.  F.     ' 

REFERENCE. 

634.  Diffused  Reflection  of  Light  on  Matt  Surfaces.  H.  R.  Wright.  (Phil.  ' 
Mag.  49.  pp.  199-216,  Feb.,  1900 ;  also  Ann.  der  Physik,  1.  1.  p.  17,  1900.}--Papcr  j 
referred  to  in  Abstract  No.  462  (1900).  1 
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635.  Thermal  and  Dynamic  Coefficients,  J.  E.  Trevor.  (Journ.  Phys. 
Chciu.  3.  pp.  573-576,  Dec.  1899.) — In  a  former  paper  (see  1900,  No.  71),  the 
author  considered  the  four  thermodynamic  coefficients,  /»,  r,  By  »/,  which 
arc  connected  by  two  independent  relations,  namely,  /(/>,  «•,  0)  =  O,  and 
^^,  r,  ©)  =  0.  From  these  he  formed  four  derived  functions,  E,  F,  G,  H,  of 
which  E,  the  energy,  satisfies  the  equation— 

dY.=^-'pdv-\-Odil. 

These  four  arc  called  the  fundamental  functions.  In  the  former  paper 
p,  i\  '.'.  1.  '-^^^  their  derivatives,  were  expressed  as  partial  derivatives  of 
E.  F,  Cj.  H.  It  appeared  that  these  derivatives  fell  in  a  remarkable  way  into 
ihree  |»roiips.     In  the  present  paper  he  explains  why  this  is  the  case. 

r-in^—  dV.  =  —  pdv  -f-  fidri, 

and-  <// =  5^/.  +  ^^J./, 

ov  en 

he  finds  twelve  derivatives  of  E  in  three  groups,  namely,  (1)  Second  deriva- 
tives ;  (2)  Ratios  of  second  derivatives ;  (3)  Ratios  of  second  derivatives  to  the 
Hc>s-ian.  S.  H.  13. 

636.  Dci'uition  from  Boyle's  Law  in  Mixfura  of  Hydrogen  and  Carbon 
Dt:*ridc,  J.  E.  Verschaffelt.  (Zeitschr.  Phys.  Chem.  31.  pp.  97-102, 
Dec.  22,  1899.)— According  to  the  theory  of  van  der  VViials  the  characteristic 
equation  for  a  mixture  of  ga>es  may  be  put  in  the  same  form  as  for  a  simple 
^<.  the  con>tants  a,^  and  ^^  having,  for  each  molecular  fractional  composition 
I.  \alae^  which  are  quadratic  functions  of  the  values  of  a  and  b  for  the  pure 
gise:?.  The  experimental  information  is  hardly  sufficient  to  distinguish  the 
parta  played  by  a  and  b  in  the  equation  separately,  but  for  large  volumes  it 
lakes  Ihc  form — 

/i'=RT+^^'*^''^-''^=RT+"'' 

I'  r 

where  the  "normal"  volumes  (/.t'.,  volumes  at  0''  and  1  atmo.)  are  taken 
ir>  unity.  If  instead  of  this  we  take  the  "theoretic"  volume  (v'),  i.e.,  the 
volume  the  gas  would  occupy  at  0°  and  1  atmo.  according  to  Avogadro's  law 
i  ii  were  a  perfect  gas,  we  have  pv'  =  RT,  and  hence— 

Now  for  hydrogen  Amagat  finds  6  =  000069,  a  =  0 :  for  carbon  dioxide  van 
der  Waals  finds  from  Regnault's  data  a  =  000874,  6  =  00028;  whence 
i«  =  ~0i)0644. 

An  observation  by  Braun  on  the  increase  of  pressure  of  a  mixture  in 
equal  volumes  of  hydrogen  arid  carbon  dioxide — amounting  to  0*0014  of  the 
total— may  be  expressed  according  to  the  quadratic  formula  by  taking— 

0-99981  +  00060  (1  —  xy 
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as  the  deviation  from  the  law  of  Arogadro.  The  author  has  made  experi- 
ments '(Proefschrift,  Leiden,  1899)  on  the  isothennals  of  the  mixed  gases  at 
18°  between  v  =  oo  and  v  =  O'Ol  expressible  by  the  formula — 

^v=RT-fJ^*-|-? 

wlierc  the  larger  coefficient  m  agrees  very  closely  with  the  quadratic  function 

m  =  000074  X*  —  00012 xil—xf-^ 00068  (1 — x") 
deduced  from  Braun's  observation.  R.  A.  L. 


637.  Comparison  of  Platinum  and  Gas  Thermometers.  J.  A.  Marker  and 
P.  Chappuis.  (Roy.  Soc,  Proc.  66.  pp.  827-829,  1899.)— In  the  words  of  the 
original,  "  The  present  paper  is  the  outcome  of  the  co-operation  of  the  Kew 
Observatory  Committee  and  the  authorities  of  the  International  Bureau  of 
Weights  and  Measures  at  Sevres,  for  the  purpose  of  carrying  out  a  comparison 
of  some  platinum  thermometers  with  the  recognised  international  standards. 

"A  new  resistance-box,  designed  for  this  work,  and   special  platinum 
thermometers  together  with  the  other  accessories  needed  were  constructed 
for  the  Kew  Committee,  and  after  their  working  had  been  tested  at  Kew, 
were  set  up  in  the  laboratory  at  Sevres  in  August,  1897.    The  comparisons 
executed  between  these  instruments  and  the  standards  of  the  Bureau  may  be 
divided  into  several  groups.    The  first  group  of  experiments  covers  the  range 
—  28°  to  80°,  and  consists  of  direct  comparisons  between  each    platinum 
thermometer  and  the  primary  mercury  standards  of  the  Bureau.     Above 
80°  the  mercury  thermometers  were  replaced  by  a  gas-thermometer  con- 
structed for    measurements  up   to  high   temperatures.     The    comparisons 
between  80°  and  200°  were  made  in  a  vertical  bath  of  stirred  oil,  heated 
by  diffei:ent  liquids  boiling  under  varying  pressures.     For  work  above  200^ 
a  bath  of  mixed  nitrates  of  potash  and  soda  was  substituted  for  the  oil  tank*     , 
In  this  bath  comparisons  of  the  two  principal  platinum  thermometers  with 
the  gas-thermometer  were  made  up  to  460° ;  and  with  a  third  thermometer,     ; 
which  was  provided  with  a  porcelain  tube,  we  were  able  to  go  up  to  690°.     i 
Comparisons  of  the  platinum  and  gas-scales  were  carried  out  at  over  160    '\ 
different  points,  each  comparison  consisting  of  either  ten  or  twenty  readings    j 
of  the  different  instruments.  j 

"  By  the  intermediary  of  the  platinum  thermometers  a  determination  of   ^J 
the  boiling-point  of  sulphur  on  the  nitrogen  scale  was  also  made.    The  mean    i 
of  three  very  concordant  sets  of  determinations  with  the  different  thermo*    ' 
meters  gave  446*27°  as  the  boiling-point  on  the  scale  of  the  constant  volume 
nitrogen  thermometer,  a   value  differing  only  0*7°    from    that   found    by 
Callendar  and  Griffiths  for  the  same  temperature  expressed  on  the  constant 
pressure  air  scale. 

"  If  for  the  reduction  of  the  platinum  temperatures  in  our  comparisons  we 
adopt  the  parabolic  formula,  and  the  value  of  $  obtained  by  assuming  our  ^ 
new  number  for  the  sulphur-point,  we  find  that  below  100°  the  differences 
between  the  observed  values  on  the  nitrogen  scale  and  those  deduced  from 
the  platinum  thermometer  are  exceedingly  small,  and  that  even  at  the  highest' 
temperatiu'es  the  differences  only  amount  to  a  few  tenths  of  a  degree.*' 

R.A.] 
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638.  Suffusion,  R.  Moreschini.  (Accad.  Lincci  Atti,  9.  pp.  13-16, 
Jan.  7, 1900.) — Mixtures  of  fatty  acids  obtained  from  soap  exhibit  the  phe- 
nomenon of  suffusion,  the  point  of  solidification  var3ring  with  the  method  of 
determination  used.  When  such  a  mixture,  placed  in  a  tube  surrounded  by 
a  constant  temperature  air-bath  (conveniently  15°  below  the  melting-point), 
is  heated  to,  say,  15°  above  its  melting-point  and  then  allowed  to  cool,  the 
rate  of  cooling  diminishes  regularly  as  the  temperature  falls  until  the  melting- 
point  is  nearly  reached,  when  a  sudden  diminution  occurs ;  cooling  afterwards 
proceeds  regularly,  although  more  slowly  than  before.  It  is  found  that  this 
behaviour  is  also  shown  by  other  bodies  capable  of  existing,  permanently  or 
temporarily,  in  a  state  of  surfusion.  In  the  case  of  pure  substances,  however, 
the  change  occurs  just  at  the  melting-point,  whilst  with  mixtures  of  fatty 
acids,  especially  if  much  oleic  acid  is  present,  it  appears  at  a  temperature 
blighUy  (about  015°)  above  the  melting-point.  T.  H.  P. 

639.  Colours  of  Heated  Steel  Corresponding  to  Different  Degrees  of  Tempera- 
iure.  M.  White  and  F.  W.  Taylor.  (Indus,  and  Iron,  27.  p.  398, 
Dec.  15,  1899.  Paper  read  before  the  American  Society  of  Mechanical 
Engineers.) — Estimations  of  the  temperature  of  heated  steel  by  the  eye  vary 
considerably  with  different  obser\'ers  and  with  the  quality  or  intensity  of  the 
light  in  which  the  observations  are  made,  but  from  a  number  of  experiments 
with  the  Le  Chatelier  pyrometer  the  following  colour  scale  is  considered  as 
best  suited  to  the  conditions  met  with  in  most  workshops.  The  temperatures 
are  given  in  degrees  Fahrenheit.  Dark  blood  red,  black  red,  990°  :  dark  red, 
blood  red,  low  red,  1,050° ;  dark  cherry  red,  1,175° ;  medium  cherry  red,  1,250°  ; 
fall  cherry  red,  1,875° ;  light  cherry,  bright  cherry,  scaling  heat,  Hght  red, 
1,550° ;  salmon,  orange,  free  scaling  heat,  1,650°  ;  light  salmon,  light  orange, 
1,725** ;  yellow,  1,825°  ;  light  yellow,  1,975° ;  white,  2,200°.  N.  L. 

640.  Change  of  Thermal  Conductivity  on  Melting,  £.  van  Aubel. 
(Zeitschr.  Phys.  Chem.  30.  pp.  568-564,  Dec.  1,  1899.) — Some  substances  show 
no  noticeable  change  on  melting,  but  ice  shows  a  very  large  change,  having 
the  value  0-30  a  little  below  zero  while  water  bai>  00722  at  0°.  R.  A.  L. 
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641.  Thermal  Expansion  of  Nickel  and  Cobalt.  A.  E.  Tutton.  (Roy.  Soc, 
Proc  65.  pp.  306-312,  1899.) — Contains  numerical  data  of  the  experiments  referred 
lo  in  Abstract  No.  1468  (1899).  R.  A.  L. 
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642.  Luminosity  of  Gases  under  Discharge.  J.  Stark.  (Ann.  d.  Physik,  1. 
2.  pp.  424-429,  Feb.,  1900.) — Wiedemann  has  shown  that  the  temperature  of  a 
^as  showing  the  ordinary  vacuum  phenomena  is  in  general  below  100°.  He 
concluded  that  the  luminosity  is  not  a  phenomenon  of  incandescence,  but  of 
phosphorescence.  This  conclusion  has  since  been  corroborated,  but  the 
experiments  are  complicated  by  the  fact  that  the  introduction  of  a  hot 
body  in  itself  reduces  the  discharge  potential  and  increases  the  current 
through  the  tube.  The  author  introduces  independent  carbon  filaments  into 
the  tube  and  heats  them  to  white  heat  by  a  current,  a  red  heat  producing  no 
effect.  He  iinds  that  if  the  filament  is  in  the  region  of  positive  light  it 
reduces  or  extinguishes  the  light.  If  it  is  stratified  the  filament  cuts  pieces 
out  of  the  bright  strata.  A  short  positive  column  is  totally  extinguished  by 
the  filament.  The  negative  light  is  enfeebled,  but  the  luminescence  of  the 
walls  is  unaffected,  thus  showing  that  the  kathode  rays  remain  uninfluenced. 
The  heating  simply  deprives  the  gas  of  its  power  of  phosphorescence  under 
discharge.  Knowing  that  a  rarefied  gas  is  ionised  by  heating,  we  must  con- 
clude that  an  ionised  gas  does  not  phosphoresce  under  the  influence  of  the 
discharge.  This,  again,  indicates  that  the  phosphorescence  is  a  molecular 
phenomenon.  E.  E.  F. 

643.  Revision  of  Electrical  Units,  R.  A.  Fessenden.  (Electrician,  44. 
p.  336,  Dec.  29,  1899.) — The  author  has  discovered  a  way  of  eliminating  4ir 
from  the  formulae  defining  electric  units  without  changing  any  of  the  legal 
units.  It  consists  simply  in  taking  the  magnetic  permeabiHties  of  the  ether 
as  (47r)*  instead  of  unity.  This  produces  no  change  in  the  units  of  current 
and  voltage.  The  unit  of  difference  of  magnetic  potential  becomes  47r  times 
as  large  as  the  former  unit.  The  new  unit  is  in  fact  the  ampere-turn,  which 
is  already  used  in  practice.  The  distinction  between  magnetic  or  electric 
flux  and  quantity  disappears,  and  with  it  no  less  than  twenty-six  separate  and 
distinct  terms. 

The  author  also  proposes  a  new  nomenclature  for  the  absolute  electromag-  ; 
netic  and  electrostatic  units,  which  should  be  used  instead  of  the  "  practical  ** 
units.  The  unit  of  difference  of  electric  potential  should  be  the  Volma  or 
Volsta,  in  the  electromagnetic  and  electrostatic  system  respectively.  Further, 
the  author  has  designed  a  system  of  suflixes  to  denote  space,  area,  volume,  and  i 
time  differentials.  E.  E.  F. 

644.  Resistance  and  Residual  Charge  of  Liquid  Dielectrics,    A.  Naccari. 
(Accad.  Sci.  Torino,  Atti,  34.  loa.  pp.  820-883,  1898-99.)— Experiments  on 
xylol,  toluol,  benzol,  and  various  petroleums  show  that  rise  of  temperature 
produces  an  increase  of  conductivity  of  the  same  order  as  that  in  electrolytes^ 
and  greater  in  proportion  to  the  original  resistance.     In  dielectrics  of  hi^ 
resistivity  the  residual  charge  is  also  high.      It  diminishes  with  increasii^ 
temperature,  but  not  in  proportion  to  the  diminution  in  the  resistance.    Resk 
dual  charges  are  possibly  due  to  some  lack  of  homogeneity  in  even  a  simfri 

liquid.  E.  E.  I 
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646.  Internal  Resistance  of  Daniell  Cell,  £.  Cohen.  (Zeitschr.  Phys. 
Chem.  31.  pp.  164-175,  Dec.  22,  1899.)— This  paper  starts  \vith  the  description 
of  an  electrical  method  of  determining  the  temperatures  at  which  internal 
changes  take  place  in  saturated  solutions.  The  method  is  similar  to  that  used 
by  I>awson  and  Williams  (see  1900,  Abstract  No.  240).  It  is  here  applied  to 
the  case  of  a  Daniell  cell  to  test  whether  the  temperature-coefficient  of  internal 
resistance  is  constant 

A  curve  is  given  for  the  resistance  of  a  saturated  solution  of  CUSO4 . 5  H»0. 
This  curve  consists  of  two  straight  lines  meeting  at  an  angle  at  about  SG**  C. 
The  temperature-resistance  curve  of  a  6  per  cent,  solution  of  ZnS04  is  approxi- 
mately a  straight  line  near  66°  C.  The  temperature-resistance  curve  of  a 
Daniell's  cell  (which  is  the  sum  of  the  ordinates  of  the  above  two  curves)  must 
therefore  have  an  angular  bend  at  about  56°  C.  J.  B.  H. 

646.  EMS.  of  Ihe  Clark  Cell  H.  S.  Carhart  and  K.  E.  Guthe.  (Phys. 
Rev.  9.  pp.  28a~293,  Nov.-Dec,  1899.)— The  E.M.F.  was  determined  absolutely 
in  terms  of  the  P.D.  of  a  known  current  through  a  known  resistance.  The 
value  of  the  current  was  found  by  the  form  of  electrodynamometer  used  by 
Patterson  and  Guthe  in  the  determination  of  the  electrochemical  equivalent 
of  silver  (sec  1899,  Abstract  No.  1727).  The  final  result  for  the  E.M.F.  of  a 
Kahle  H-form,  set  up  according  to  the  specification  legalised  by  Congress  in 
1894,  is  1-4333  volts  at  15°.  If  0*0011187  be  taken  as  the  silver  equivalent  for  a 
!iolution  not  neutralised  by  silver  oxide,  and  the  figure  obtained  by  Glazebrook 
and  Skinner  in  1892,  viz.,  1*4342  volts,  be  recalculated,  it  becomes  1*4832  volts 
at  \y,  which  i>  practically  identical  with  the  above.  \V.  R.  C. 

647.  Mtasurcmenl  of  huhiciion  by  Voltmeter,  H.  N.  Allen.  (Electrician, 
44.  pp.  108-109,  Nov.  17,  and  191-193,  Dec.  1, 1899.)— The  self-induction  of  an 
alternate  current  circuit  can  be  determined  by  the  use  of  a  voltmeter  and 
ammeter  from  the  formula  )L:=C  y/R^  ^p^lJ  provided  there  is  no  mutual 
induction  between  the  circuit  and  the  voltmeter  leads.  With  a  closed  circuit 
this  is  easily  ensured  by  carrj'ing  the  voltmeter  leads  close  together  for  sonic 
di>tance  from  the  circuit.  With  a  portion  only  of  a  circuit,  to  eliminate 
mutual  induction  the  voltmeter  leads  must  be  carried  along  the  line  along 
K-hich  the  line  integral  of  the  vector  potential  due  to  the  main  current  is  zero. 
This  can  only  be  determined  in  two  or  three  simple  cases.  By  solving  the 
difttrential  equation  for  an  alternating  E.M.F.,  the  error  is  calculated  in  terms 
■:•«  induction  coefficients  for  electrodynamic  and  hot  wire  voltmeters,  and  in 
lerms  of  capacity  and  induction  for  electrostatic  instruments.  These  results 
kre  compared  with  observations  of  voltage  across  a  single  bar  of  a  drum 
armature.  With  a  frequency  of  213  rv)  ,  the  true  value  being  0*22  volts, 
readings  ranging  from  Oil  to  0*34  were  obtained  by  carrying  the  leads  along 
various  paths  according  to  whether  the  E.M.F.  generated  in  the  voltmeter 
lcjd>  by  mutual  induction  assisted  or  opposed  the  main  voltage.  L.  B. 

a48.  Mcasuremenib  on  High-Pressure  Circuits.  L.  Schiller.  (Elektrotechn. 
&>chr.  20.  pp.  868-869,  Dec.  14,  1899.)— The  author  describes  the  recently 
piUrntcd  method  of  measuring  P.D.,  current,  and  power  on  high-pressure 
arcoits  used  by  the  Elektricitats  A.— CI.  It  consists  in  using  either  a  whole 
coil  (if  the  number  of  poles  is  large)  or  part  of  one  (if  the  number  ot 
^  is  small)  for  purposes  of  measurement,  this  "  measuring  coil "  being 

t^lwHy  disconnected  from  the  main  armature  circuit.    The  coil  is  )omed  \\\ 
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series  with  a  transformer  whose  ratio  of  transformation  is  unity,  and  whose 
secondary  is  inserted  into  the  main  circuit  of  the  machine.  A  voltmeter 
connected  across  the  terminals  of  the  "measuring  coil"  reads  a  definite 
fraction  of  the  high  P.D. ;  an  ammeter  in  its  circuit  reads  the  high-pressure 
current ;  and  a  wattmeter  in  the  same  circuit  reads  a  definite  fraction  of  the 
total  power  developed  by  the  machine.  A.  H. 

649.  Dettrmining  Faults  in  Dynamos.  K.  Richter.  (Elektrotechn. 
Ztschr.  21.  pp.  88-42,  Jan.  11,  1900.) — After  discussing  a  bridge  method 
of  testing  for  faults  in  the  armature  and  field-magnet  windings  of  dynamos 
described  by  O.  Frolich  in  a  paper  read  before  the  Elektrotechnische  Verein 
on  the  20th  of  December,  1892  (see  Elektrotechn.  Ztschr.  Heft  4,  1898),  the 
author  describes  a  method  which  he  has  devised  and  which  has  yielded  satis- 
factory results  in  practice.  This  method  consists  in  observing  the  fall  of 
potential  along  a  linear  conductor  of  constant  specific  resistance  which  is 
traversed  by  the  current^  and  indicating  the  results  of  the  observations  in  the 
form  of  a  potential  line,  eg.,  in  testing  for  a  fault  in  the  armature  of  a  dynamo 
one  terminal  of  a  battery  is  connected  to  the  armature  shaft  or  core  and  the 
other  to  a  point  in  the  winding ;  a  shunt  circuit  containing  a  high  resistance 
galvanometer  is  then  connected  at  one  end  to  a  fixed  point  in  the  winding  and 
the  other  end  moved  from  point  to  point  throughout  the  winding  to  find  the 
point  or  points  of  maximum  or  zero  potential,  as  the  case  may  be.  When 
these  points  are  found,  the  position  of  the  fault  can  be  easily  determined. 
The  various  cases  arising  in  practice  are  fully  discussed  mathematically  by  the 
aid  of  diagrams.  C.  K.  F. 

650.  Resistances.  Feussner.  (Elektrotechn.  Ztschr.  20.  pp.  611-618.  i 
Discussion,  pp.  618-614,  1899.  Paper  read  before  the  Elektrotechnische  j 
Verein,  Berlin,  April  25,  1899.) — The  ordinary  resistances,  consisting  of  silk-  ; 
covered  wire,  will  not  stand  high  pressures  or  even  a  moderate  dissipation  \ 
of  energy  without  danger  to  their  insulation.  Their  capacity  is  also  con-  i 
siderable.  To  overcome  these  difHculties  the  author  uses  thin,  bare,  flat  ' 
strips  of  high-resistance  metal,  as  small  as  0*08  mm.  wide,  wound  on  mica 
sheets  0*2  to  0*3  mm.  thick,  and  held  in  place  by  varnish.  Bifilar  winding  is 
impossible,  as  it  brings  the  ends  of  a  coil  with  the  full  voltage  across  them 
too  near  together.  Such  coils  are  practically  inductionless  and  without 
capacity,  and  wull  stand  a  dissipation  of  energy  up  to  40  watts  per  square 
decimeter.  The  method  of  flattening  the  fine  wire  is  described.  Resistance 
boxes  for  various  purposes  and  voltages  up  to  10,000  are  illustrated.  This 
form  of  resistance  has  been  in  use  satisfactorilv  for  some  vcars  at  the  Reich- 
sanstalt  and  the  Weston  Company's  works.    A  discussion  followed.  L.  B. 

661.  A  Speaking  Galvanometer  for  Warships.  (Electrician,  48.  p.  919, 
1899.) — As  the  siphon  recorder  is  too  delicate,  and  the  mirror  instrument 
requires  too  much  skill  to  read,  Sullivan  uses  a  balanced  d'Arsonval  galvano- 
meter, which  is  damped  by  pressing  a  camel's  hair  on  the  suspension  ;  this 
gives  damping  which  only  breaks  down  when  the  current  reaches  a  certain 
value  ;  at  the  same  time  the  damping  due  to  a  short-circuited  coil  in  the  field 
is  diminished  by  making  the  short  circuit  through  a  platinum  wire.  No 
condenser  or  sending  switch  is  necessary.  An  *'  Instruction  "  galvanometer 
is  made,  by  which  teachers  can  imitate  the  signals  in  long  and  short  cables 
by  altering  the  position  of  the  camel-hair  brush  and  using  a  coil  with  large 
magnetic  damping.  M.  0*0 
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ees.  Vacuum  EUclroscope.  H.  Pflaum.  (Ann.  d.  Pliysik.  1.  2.  pp.  290- 
SS3,  Ft:h.,  1900.) — The  author  prcxluces  a  vacuum  electroscope  in  the  form  of 
3  pear-shaped  t>ulb  containing  aluminium  leaves  attached  to  a  thick  aluminium 
«ire,  which  projects  outside  the  bulb  and  ends  in  a  knob  like  that  of  an 
fcdioary  electroscope.  In  a  good  vacuum  the  leaves  act  more  promptly  and 
dcci^vcly  than  in  air  at  ordinary  pressures.  The  deflections  are  accom- 
panied by  a  radiation  of  the  electric  charge  on  to  the  glass  walls,  which  is, 
tioweA-er,  not  accompanied  by  any  luminosity.  E.  E.  F. 

653.  Frequency  Meter.  E.  Stdckhardt.  (Elektrotechn.  Ztschr.  20. 
pp.  878-874,  Dec-  14,  1899.)— The  principle  of  the  instrument  is  identical 
vth  that  of  the  Campbell  Frequency  Teller.  An  electromagnet  whose  coil 
:«  tra^-er.sed  by  the  alternating  current  is  placed  between  the  prongs  of  a 
nflidlr  fixed  tuning-fork  of  wrought  iron,  and  along  the  prongs  may  be  slid 
wnulimeously  two  riders  which  alter  the  period  of  the  fork.  The  riders  are 
provided  with  pointers  moving  along  a  scale,  and  they  are  moved  by  turning 
1  cylinder  to  which  are  attached  two  fine  wires  connected  to  the  riders.  On 
itc  other  side  another  couple  of  wires  attached  to  the  riders  are  coiled  round 
UMiher  cylinder  provided  with  a  spring  which  tends  to  turn  the  cylinder  so 
u  to  puU  back  the  riders  to  the  bend  of  the  fork.  The  instrument  is  said  to 
be  tery  sensitive  and  to  give  a  sharp  maximum  of  sound.  A.  H. 

854.  Graphical  Treatment  of  Distorted  Wave-Forms.  R.  Goldscbmidt. 
'  Ecktrotcchn.  Ztschr.  20.  pp.  840-842,  Nov.  80,  1899.>— The  author  explains 
■  p^phical  method  of  finding  the  current-wave  in  an  inductive  circuit 
produced  by  an  E.M.F.  wave  of  irregular  shape,  without  the  necessity  of 
hwing  recouTM  to  harmonic  analysis.  The  method  is  an  approximate 
f^phical  integration  of  the  difterential  equation  of  current,  and  is  based 
ua  the  assumption  that  the  E.M.F.  wave  consists  of  a  broken  straight  line 
a--iead  of  a  continuous  curve.  A.  H. 

0SS.  Reiislance  of  Conductors  to  Allernating  Currents.  (Ind.  Elect.  8. 
pp.  £26-557,  Dec.  25,  1899.) — The  author  gives  an  approximate  method  of 
isicnlaling  the  resi:itance  of  a  cylindrical  conductor  to  alternating  currents 
vt^h  doe>  not  directly  involve  the  resistivity  of  the  material.  Let  R.  = 
rc4L<tanc«  of  given  conductor  to  continuous  currents;  K,^ resistance  of 
ei^eo  conductor  to  alltrnatiug  currcnLs;  /^length  of  conductor,  in  kiio- 
j^,and/.  =  — .-^..10'. 


■metres:  -=2irX  frequency-:  a^^~^<  and  h  = 


H.  =  tR„ 
rtwe,  for  \-alucs  of  n  >  25,  we  may  take  A  =  0^  +  ^/"  ;  for  values  of 

«<1,  t=l  J- jj  — j-Qjj:  and  for  values  of  a  lying  bctvvetn  1  and  25,  A  is 

Q'lCa  by  a  table,  part  of  which  is  here  reproduced. 
a  >      1  2  *  6  8  10  ir.  20  25 

*'-^3ga      8'149      1-571       1-OtT      0'7864      0-GS83      0'148ti     03142      0-2513 
t-l-<rrS      I-«S      1-678      3-007      2-374        2507        8-095        3-413        ST-M 

A.H. 
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656.  Resistance  of  Iron  Wires  to  A  Itemating  Currents.  E.  Merrit  t .  (F 
Rev.  9.  pp.  294-299,  Nov.-Dec,  1899.)— If  iron  wires  are  used  to  c 
alternating  currents,  the  resistance  of  the  wire  depends  upon  the  frequ< 
of  the  current  and  the  permeabiHty  of'  the  iron,  in  addition  to  the  ler 
cross-section,  and  temperature.  As  the  permeability  depends  upon 
intensity  of  magnetisation,  the  resistance  to  heavy  currents  may  be  less  ' 
to  moderate  currents,  even  though  the  temperature  is  greatly  increa 
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This  is  shown  in  the  curve  given  above,  which  was  obtained  experimen 
bv  H.  H.  Denis,  at  the  author's  suggestion,  with  a  wire  0'866  cm.  in  diam* 
with  an  alternating  current  of  frequency  about  130  periods  per  second, 
curve  A  shows  the  resistance  offered  to  the  alternating  current,  whilst 
curve  D  shows  the  variation  in  resistance  with  current  strength  by  usil 
direct  current  The  test  was  carried  out  by  the  Wheatstone  Bridge  met 
a  telephone  being  used  for  alternating  currents.  W.  C 


657.  Magnetic  Properties  of  Iron-Aluminium  Alloys.  S.  W.  Richardi 
(Phil.  Mag.  49.  pp.  121-154,  Jan.,  1900.)— The  author  determines  eX] 
mentally  the  curves  connecting  the  magnetising  force  and  the  magi 
induction  in  alloys  of  iron  and  aluminium  over  a  range  of  temperatitt 
—  83"  C.  to  -h  900°  C. 

The  specimens  tested  contain  respectively  3'64,  5*44,  9*89  and  18*47 
cent,  of  aluminium.  The  method  of  test  was  the  use  of  a  ballistic  gabt 
meter  and  a  secohmmeter.  The  specimens,  which  are  in  ring  fomL 
wound  with  two  coils,  the  secondary  being  of  platinum,  whose  resii| 
is  taken  as  a  measure  of  the  temperature.  The  chief  results  may  be  | 
marised  as  follows  :  (1)  The  alloys  behave  magnetically  as  though  ' 
consisted  of  two  distinct  media  superposed.  (2)  The  general  roundnci 
the  curves  and  their  lack  of  abruptness  near  the  critical  point  seem  h 
dicate  that  the  alloys  are  heterogeneous  in  structure.  A  similar  la^ 
abruptness  is  noticeable  in  Hopkinson's  curves  for  nickel-iron  alloys.  (S) 
permeability  decreases  with  rise  of  temperature  near  the  critical  pointr^i 
a  minimum  value  is  reached,  when  any  further  rise  of  temperature  prod 
very  slight  diminution,  if  any,  in  the  permeability.  (4)  The  expecUl 
suggest  that  the  maximum  value  of  the  permeability  for  an  alloy  conlil 
10  per  cent,  of  aluminium  is  reached  at  about  —  90°  C.  (5)  An  aUl 
taining  18*47  per  cent,  of  aluminium  has  a  critical  point  at  about  25^ 
gives  no  indication  of  temperature  hysteresis.  Tliis  alloy  probabl; 
maximum  permeability  at  a  temperature  much  below  —  90°  C.  V 
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6M.  Magnetism  of  Bricks,  O.  A.  Gage  and  H.  E.  Lawrence.  (Phys. 
Rev.  9.  pp.  804-809,  Nov.-Dec,  1899.) — The  authors  tested  the  magnetism  of  a 
number  of  bricks  (at  least  thirty-two)  of  various  qualities.  All  but  one — nearly 
white — ^werc  found  to  be  magnets.  The  poles  were  never  in  the  ends  of  the 
bricks,  but  either  in  the  faces  or  edges.  The  magnetic  moments  of  the  bricks 
were  not  constant,  but  varied  from  time  to  time,  when  kept  under  normal  condi- 
tions Heating  temporarily  diminished  the  magnetic  moments.  It  is  surmised 
that  the  magnetism  is  due  to  the  presence  of  magnetic  iron  oxide,  either  as  a 
component  of  the  clay  or  developed  by  heat,  and  that  the  permanent 
inaf^netism  arises  from  the  cooling  of  the  bricks  in  the  earth's  magnetic  field. 
The  positions  of  the  poles  may  be  explained  by  the  way  the  bricks  are  laid  in 
the  kiln.  A.  G. 

659.  Magnetic  Eletnenis  in  Northern  Italy.  £.  Oddone.  (Accad.  Sci. 
Torino,  Atti,  84.  16a.  pp.  799-819,  1898-99.) — Measurements  of  decUnation, 
dip,  and  intensity  were  carried  out  in  1898  in  the  districts  of  Feletto  and 
Rivarolo  Canavese,  at  a  time  free  from  magnetic  disturbances.  They  yielded 
an  important  correction  of  the  course  of  the  isoclinic  lines  on  the  Italian 
charts.  Thus  the  isoclinic  62*0°  should  run  north  of  the  stations  mentioned, 
and  not  south.  £.  E.  K. 

660.  Magnets  Used  in  the  Determination  of  the  Earth* s  Horizontal  Magnetic 
Force,  C.  Chrce.  (Roy.  Soc.,  Proc.  65.  pp.  875-418,  Nov.  80.  1899.)— The 
values  of  the  constants  (temperature  coefficient,  induction  coefficient, 
moment  of  inertia  and  distribution  correction)  of  over  a  hundred  collimator 
magnets  of  the  Kew  pattern  have  been  determined  at  Kew  Observatory,  and 
in  the  present  paper  the  author  discusses  the  values  obtained.  The  tempera- 
ture coefficient  is  determined  from  observation  at  0°,  18°,  and  86°  C,  and  the 
number>  obtained  support  the  correctness  of  the  parabolic  formula  employed 
for  calculating  the  magnetic  moment  at  any  temperature  for  the  magnetic 
moment  at  0^  Attempts  were  made  to  deduce  relations  between  the  values 
ot  the  different  "constants,"  but  they  were  not  very  conckisive,  partly  no 
dcMibt  owing  to  the  fact  that  the  dimensions  of  the  magnets  are  not 
recorded. 

The  author  also  discusses  the  probable  errors  introduced  into  the  detcr- 
mixiation  of  the  horizontal  component  owing  to  the  possible  errors  which 
eiist  in  the  values  of  the  "  constants."  In  particular  the  effect  of  errors  in  the 
nlue  absuincd  for  the  distribution  constant  (P),  and  also  the  approximations 
Used  in  applying  the  correction  for  this  are  discussed,  with  the  result  that  it  is 
shown  that  a  very  appreciable  error  may  easily  be  introduced  on  this  account. 

From  a  di:»cussion  of  the  observations  made  with  the  Observatory  unifilar, 
the  author  concludes  that  the  centre  of  the  deflection  bar  is  not  vertically 
hek^w  the  point  of  suspension  of  the  fibre  which  carries  the  deflected  magnet, 
azid  he  discusses  the  effect  of  this  asymmetry  on  the  value  obtained  for  H. 

W.  W. 

MEDICAL   ELECTRICITY. 

661.  Death  by  Electricity.  R.  H.  Cunningham.  (Elect.  World  and 
Engineer,  84.  pp.  1008-1004,  Dec.  80, 1899.)— This  may  be  called  a  "  popular 
adttioo'*  of  sui  article  published  in  the  New  York  Medical  Journail  of 
October  21  and  October  28.  It  is  the  account  of  a  series  of  experiments 
otrt  to  ascertain  the  mechanism  of  death  by  electricity. 

VOU  UL  S 
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Stated  very  briefly,  and  nearly  in  the  author's  own  words,  the  conclusions 
are  as  follows :  When  the  chest  is  traversed  by  a  certain  number  of  amperes, 
or  fraction  of  an  ampere,  for  a  sufficient  length  of  time,  the  most  important 
effect  produced  is  the  immediate  cessation  of  the  co-ordinate  beat  of  the 
heart.  Consequently  the  circulation  of  the  blood  throughout  the  body  ceases, 
and  the  various  delicate  nerve  cells  of  the  central  ner\'ous  system  die  rapidly 
from  the  lack  of  indispensable  blood.  The  action  of  the  current  upon  the 
heart  is  clearly  a  physiological  one,  and  the  state  produced  in  it  is  what 
physiologists  term  "fibrillation."  Roughly  speaking,  in  this  condition  the 
rhj-thmical  synchronism  of  the  contractions  of  the  little  muscle  bundles  of 
which  the  heart  is  composed  is  profoundly  disturbed,  and  the  contractions  of 
the  bundles  fall  out  of  phase.  Thus  the  heart  fails  as  a  blood-pump,  and 
death  quickly  ensues  unless  the  circulation  is  restored. 

The  higher  mammalia  practically  never  recover  spontaneously  from  this 
condition  of  fibrillation,  but  the  lower  the  order  of  the  animal  the  more  likely 
is  it  to  recover.  Thus  when  guinea-pigs,  rats,  mice,  turtles,  frogs,  and  fish  are 
subjected  to  strong  currents,  the  permanency  of  the  cardiac  effects  is  less 
pronounced. 

Owing  to  the  small  size  of  such  animals,  it  is  practically  impossible  to 
prevent  a  large  part  of  the  current  from  traversing  the  nervous  system  ;  and 
it  is  upon  the  latter  that  the  physiological  effect  of  the  current  chiefly  falls. 
The  result  is  then  identical  with  that  produced  by  passing  the  current  only 
through  the  brain  and  upper  part  of  the  spinal  marrow  of  a  dog  in  such  a 
fashion  as  not  to  include  the  heart  in  the  circuit.  When  passed  in  this  way 
through  the  brain  comparatively  weak  currents  (1  to  2  amperes)  usually 
produce  a  more  or  less  pronounced  stoppage  of  the  rhythmical  respiratory 
movements  during  the  time  the  current  is  passing.  When  the  circuit  is 
opened  this  so-called  inhibitory  effect  passes  off  in  a  moment,  and  breathing 
becomes  re-established.  With  very  strong  currents  (6  to  12  amperes),  usually 
one  or  more  general  convulsions  follow  the  powerful  stimulation  of  the  cortex 
of  the  brain,  and  the  respiratory  inhibition  is  more  pronounced ;  and  if  it 
persists  long  enough  death  results  from  asphyxia.  If  the  latter  be  not 
too  profound  the  animal  can  be  restored  by  artificial  respiration.  When 
the  circuit  includes  both  brain  and  heart  the  effect  is,  of  course,  a  combined 
one. 

The  author  does  not  consider  that  consciousness  is  lost  synchronously 
with  the  beginning  of  the  shock,  although  the  period  of  consciousness  may  | 
be  extremely  brief.  No  reliable  data  can  be  given  as  to  the  minimum 
intensity  of  current  necessary  to  produce  cardiac  fibrillation  in  man.  Probably 
physiological  susceptibility  to  the  current  varies.  The  110-volt  lighting 
current  seems  capable  of  electrocuting  certain  individuals.  W.  S.  H. 


062.  E.M.Fs.  of  Muscle f  from  the  Point  of  View  of  Diagnosis.  M. 
Mendelssohn.  (Archives  d'El.  Medicale,  8.  pp.  1-18,  Jan.,  1900.) — The 
author  has  repeated  the  experiments  of  Hermann  and  others  upon  the 
E.M.Fs.  developed  in  a  muscle  during  its  contraction,  and  applies  them  to 
the  study  of  various  paralytic  conditions.  He  finds  the  most  promising  results 
in  the  examination  of  the  diphasic  wave  of  electromotive  force  which  is  set  up 
in  a  muscle  when  its  nerve  is  artificially  stimulated.  In  a  paralysed  muscle  the 
diphasic  E.M.F.  may  cease  to  be  proportionate  to  the  degree  of  voluntary 
power  which  survives.  In  a  muscle  paralysed  but  preserving  its  electricad 
MJTitability  the  two  phases  are  evident,  and  are  still  seen  even  when  there  is 
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atrophy  of  the  muscle  fibres.  A  notable  decrease  in  the  second  phase  in  a 
paralysed  muscle  is  a  sign  of  approaching  degeneration.  In  certain  cases  of 
atrophic  paralysis  a  total  disappearance  of  the  second  phase  may  be  observed. 

H.  L.  J. 
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Bull.  10  pp.  271-296,  1899  ;  and  311-346,  Jan.,  1900.)— Elementary  theoretical  articles 
dealing  with  the  principles  underlying  the  measurement  of  current,  voltage,  and 
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670.  Velocity  of  Reaction  in  Heterogeneous  Systems,  H.  Goldschmidt. 
(Zeitschr.  Phys.  Chem.  81.  pp.  285-249,  Dec.  22,  1899.)— The  velocity  of 
saponification  of  ethyl  acetate  by  hydrochloric  acid  and  by  baryta  was 
measured  in  systems  consisting  partly  of  aqueous,  paf  tly  of  benzene  solutions, 
in  order  to  test  the  applicability  of  the  law  of  mass  action  to  such  hetero- 
geneous systems.  Previous  attempts  in  the  same  direction  had  been  on 
solutions  in  contact  with  solid,  but  led  to  questionable  results  because 
saturation  of  a  solution  by  solid  is  a  slow  process.  Partition  of  a  dissolved 
body  between  two  solvents  is  much  more  rapid,  "so  that  the  normal  course  of 
the  reaction  is  less  interfered  with.  For  a  monomolecular  reaction  this  law  of 
mass  action  leads  to  the  same  result  as  for  a  homogeneous  system,  except  that 

the  velocity  is  multiplied  by    ^ —    where  Vi,  Vt  are  the  volumes  of  the 

active  solution  (dilute  acid)  and  neutral  (benzene)  respectively,  and  C  the 
ratio  of  partition.  This  result  was  approximately  verified  for  saponification 
by  acid,  but  it  is  noted  that  on  account  of  the  insolubility  of  water  in  benzene, 

the  concentration  of  ethyl  acetate  in  it  is  large  (for  — r r — =  constant)* 

•^  ^    ^       ester  x  water  ' 

hence  the  reaction  becomes  practically  a  reversible  one.     By  allowing  for 

this  much  more  constant  values  were  obtained  for  the  reaction  constant,  and 

the  applicability  of  the  law  of  mass  action  satisfactorily  proved.    The  trimo- 

lecular  reaction  studied  gave  similar  results.  R.  A.  L. 

* 

671.  Partial  Association  of  Liquid  Atolecules,    J.  J.  van  Laar.  (Zeitschr. 

Phys.  Chem.  81.  pp.  1-16,  Dec.  22,  1899.) — Assuming,  from  Ramsay  and 
Shields'  results,  that  water,  alcohol,  &c.,  consist  partly  of  simple  molecules, 
partly  of  molecules  0  times  as  large,  the  equilibrium  expressed  by 

(H,0)e  .rr^  O .  H,0 

exists,  and  the  reaction  constant  K  may  be  calculated  as  a  function  of  the 
degree  of  dissociation  ^  in  the  usual  way.    The  heat  of  dissociation  is  then  a 

function  of  /3,  and,  if  — ^ —  -J-  (r  =  temperatiu-c)  is  small  enough  to  neglect*   "j 

may  be  calculated.  Assuming  that  for  water  9  =  2  the  author  finds  from 
Ramsay  and  Shield's  values  of  the  factor  of  association  at  different  tem- 
peratures, that  the  heat  of  dissociation  is  1980  cal.  per  18  gms.,  for  the  range 
0°-100°.  At  higher  temperatures  the  value  found  increases — a  result  that  is 
supposed  to  be  due  to  the  increasing  inaccuracy  of  the  assumption  made,  and 
of  the  experimental  data.  Ethyl  alcohol  is  also  found  to  consist  of  double 
molecules.  Methyl  alcohol  must  contain  molecules  of  mass  8CHsOH  :  it 
gives  more  divergent  results,  which  are  perhaps  attributable  to  a  progressiva 
dissociation  into  2CHsOH  and  finally  CH,OH. 

In  a  mixture  of  alcohol  and  water  the  volume  must  be  a  function  of  th 
degree  of  association  of  the  two  substances.    By  assuming  that  the  spectii 
volume  of  simple  and  double  molecules  of  each  substance  is  the  same  in  tt 
mixture  as  in  the  pure  state,  and  neglecting  minor  terms,  consideration  of  tl 
densities  of  dilute  solutions  of  water  in  alcohol  and  of  alcohol  in  water  le 
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to  the  conclusion  that  1  moL  (18  gms.)  of  water  expands  8*44  c.c.  on  passing 
into  the  associated  condition  :  1  mol.  (46  gms.)  of  alcohol  2*0  c.c.  Using 
these  numbers  and  the  known  association  factor,  it  becomes  possible  to 
calculate  the  specific  volumes  of  the  simple  and  double  molecules  separately. 
The  abnormal  volume  changes  of  water  at  low  temperatures  may  be  accounted 
for  by  supposing  that  the  contraction  due  to  breaking  up  of  molecular  coig- 
plexes  compensates  for  the  expansion  due  to  heat ;  if  this  be  done,  the  co- 
efficient of  expansion  for  water  in  the  form  of  simple  molecules  is  found  as 
0000058  at  0"  in  agreement  with  the  mean  of  five  other  liquids  that  have 
nearly  the  same  critical  point.  R.  A.  L. 

672.  Pseudo-Equilibria,  M.  Bodenstein.  (Zeitschr.  Phys.  Chem.  80. 
pp.  587-689,  Dec.  1, 1809.) — ^This  is  a  reply  to  Duhem's  criticism  (sec  1900, 
Abstract  No.  284).  The  author  points  out  that  the  apparent  equilibrium 
states  observed  by  Pelabon  can  be  only  due  to  the  small  value  of  the  reaction- 
velocity,  since  he  has  been  able  without  difficulty  to  pass  these  supposed 
limiting  states  in  his  own  experiments. 

In  answer  to  an  objection  of  Duhem's,  he  states  the  quantities  of  sulphur 
employed  by  himself  in  his  experiments  on  the  combination  of  sulphur  and 
hydrogen,  and  shows  that  the  amount  of  sulphuretted  hydrogen  dissolved  by 
these  quantities  would,  according  to  Pelabon's  own  experiments,  be  very 
small.     Duhem's  main  criticism  appears  therefore  to  be  refuted.  F.  G.  D. 

d73.  NumericalLawsof  Chemical  Equilibrium,  O.  Boudouard.  (Comptes 
Rendus,  130.  pp.  18^184.  Jan.  15,  1900.)-— By  means  of  le  Chatelier's  formula 
for  the  equilibrium  of  gaseous  mixtures  the  author  calculates  the  relative 
proportions  of  carbon  dioxide  and  carbon  monoxide  in  the  gases  resulting 
from  the  action  of  carbon  dio;cide  on  carbon  at  temperatures  between  460^ 
and  1050^,  and  obtains  results  agreeing  well  with  the  experimental  values 
previously  found.  At  460°  carbon  dioxide  is  scarcely  acted  on  by  carbon, 
whilst  at  1050°  it  is  almost  completely  converted  into  monoxide  ;  between 
650^  and  700°  the  gases  are  present  in  equal  volumes.  N.  L. 

674.  Osmotic  Pressure  oj  Concentrated  Solutions.  T.  Evran.  (Zeitschr. 
Phys.  Chem.  81.  pp.  22-84,  Dec.  22,  1899.) — By  means  of  a  reversible  cycle 
the  author  obtains  a  general  relation  connecting  the  osmotic  pressure  of  a 
solution  with  its  freezing-point,  in  which  no  special  assumption  is  made 
regarding  the  equation  of  state  of  the  solute.  In  order  to  calculate  the 
osmotic  pressure  from  this  relation  it  is. necessary  to  know  the  freezing-point 
of  the  solution,  the  heat  of  dilution,  the  temperature-coefficient  of  the  heat  of 
dilution,  the  change  of  volume  accompanying  dilution,  and  also  the  heat  of 
fusion,  the  specific  heats  in  the  solid  and  liquid  states,  and  the  freezing-point 
of  the  solvent 

The  author  describes  his  method  of  determining  the  freezing-points.  The 
sc^otion  (or  solvent)  was  contained  in  a  glass  tube,  which  was  set  inside  a 
brass  tube  closed  by  a  hollow  ^lass  stopper  filled  with  a  cryohydrate  whose 
eqnifibrinm-temperature  was  very  near  the  required  freezing-point.  The 
brass  tube  was  placed  inside  a  glass  vessel  containing  the  same  cryohydrate, 
this  glass  vessel  was  in  its  turn  immersed  in  a  freezing-mixture  of  ice  and 


Tbe  solute  was  cane  sugar,  and  the  solutions  were  analysed  by  dravim^ 
off  a  portkHi  of  the  solution  in  equilibrium  with  the  separated  ice  aB'* 
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determining  its  density.  By  means  of  his  own  results  and  other  data  the 
values  of  (  z. — ]  corresponding  to  various  dilutions  are  calculated.    It  is  found 

that  these  results  can  be  expressed  by  the  formula : — 

(^±\   ^ ^_ 

m 

Here  R  =  the  gas  constant  (for  hydrogen)  =  84820  g.  cm. ;  M^=  molecular 
weight  of  water  ;  V  =  volume'  of  solution  containing  342  grms.  of  sugar  and 
nMa  grms.  water  ;  «M*v<,  :=  increase  of  volume  which  would  occur  if  wM,,  grms. 
water  were  added  to  the  solution  without  appreciably  changing  its  concen- 
tration ;  m  =  grms.  of  water  to  1  grm.  sugar.  Now  from  the  free  energy 
equation  (cf  Nernst,  Theoretischc  Chemie)  it  follows  that : — 


DQt 


P..  =  T5^^(P.,)H.J^^^- 


where  ;r^-  is  the  "instantaneous"  heat  of  dilution  at  dilution  m  and  tem- 

perature  T.      Hence  combining  both  equations  : — 

P_  RT  ^_  J   SQt 

^ V  —  nM-gVp       Vg    'bm  * 

m 

In  order  to  completely  solve  the  present  problem  it  would  be  necessary 

DQt 
to  be  able  to  express  s^  as  a  function  of  the  concentration.  F.  G.  D. 

676.  Freezing-points  of  very  Dilute  Solutions.  M.  Wildermann.  (Zeitschr. 
Phys.  Chem.  80.  pp.  508-626,  Dec.  1,  1899.  Compare  Roy.  Soc.,  Proc,  1896.) 
— (1)  When  the  freezing-point  is  depressed  by  about  0'02®  ice  separates  in  the 
form  of  needles  or  flakes  throughout  the  solution,  but  if  the  depression  is  only 
a  few  thousandths,  it  separates  in  bands  or  in  a  continuous  cap  on  the  bulb  of 
the  thermometer.  (2)  The  freezing-point  of  water,  freed  from  ammonia  and 
carbon  dioxide  by  a  current  of  pure  air,  varies  to  a  noticeable  extent  owing  to 
the  presence  in  it  of  a  variable  amount  of  dissolved  oxygen,  and  other  non- 
electrolytic  matter.  (8)  Care  must  be  taken  that  the  values  of  the  freezing- 
point  do  not  vary  by  more  than  a  few  ten-thousandths  of  a  degree  when 
repeated  at  intervals  of  10  or  15  minutes,  as  otherwise  an  error  is  present,  due 
to  the  distortion  of  the  bulb  by  change  of  temperature.  (4)  The  readings  of 
the  1/1000°- thermometer  are  influenced  to  the  extent  of  0*0008°  per  mm.  by 
variation  in  the  height  of  the  barometer.  (5)  The  thermometer  adjusts  itself 
completely  to  alterations  of  pressure  within  two  minutes.  (6)  An  opposite 
effect,  of  exactly  equal  magnitude,  is  produced  by  the  rise  of  the  mercury 
column  in  the  stem  of  the  thermometer.  (7)  This  effect  is  present  also  in  the 
calibration  of  the  thermometer  ;  but,  since  the  change  of  pressure  is  propor- 
tional to  the  reading  of  the  thermometer,  and  the  effect  is  rapidly  produced, 
scale-divisions  of  uniform  length  give  correct  readings,  even  when  the  length  ; 
of  the  scale  is  different  on  different  thermometers.  (8)  One  mm.  variation  ia  j 
pressure  alters  the  reading  of  the  l/100°-thermometer  to  the  extent  of  about  3 
0*00015°.  (9)  Errors  due  to  inexact  calibration  of  pipettes,  &c.,  are  not  more 
marked  in  very  dilute  solutions  than  in  more  concentrated.  The  author  sup- 
poses that  his  method  is  accurate  within  1, 2,  or  8  ten-thousandths  of  a  degree. 
The  author  gives  directions  for  the  use  of  the  thermometers,  and  discusses 
t/jelr  accuracy.  T,  M.  L» 
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076u  Cryoscopic  I  nvfstigatiofis  on  the  Constitution  of  Acid-amides.  K.Auwers. 
(Zeitschr.  Phys,  Chem.  80.  pp.  62&-544,  Dec.  1, 1899.>-Unlike  the  phenols, 
the  thiophenols  as  a  rule  show  a  normal  cryoscopic  behaviour  when  dissolved 
in  naphthalene,  but  abnormal  values  are  obtained  where  negative  groups  are 
present — ^as,  for  instance,  in  thioacetic  acid,  CHs .  CO .  SH. 

Substitution  only  has  the  effect  of  diminishing  the  abnormality  of  a  sub- 
sl2unce  when  the  radicle  is  attached  to  the  carbon  atom  adjacent  to  that  which 
carries  the  group  (OH  or  NH)  responsible  for  the  abnornial  behaviour.  Thus 
o-nitroacetanilid  differs  from  acetanilid  in  that  it  behaves  quite  normally,  but 
in  o-nitrobenzylacetamide,  NOf  .C«H4.CHt.  NHAc,  the  nitro-group  is  with- 
out influence,  and  the  substance  shows  the  same  abnormal  behaviour  as 
benzyl-acetamide ;  similarly  it  is  shown  that  the  substituted  benzaldoximes 
and  benzylalcohols  all  show  the  abnormal  behaviour  of  benzaldoxime  and 
benzyialcohol,  even  when  the  substituting  group  is  in  the  ortho-position. 

In  the  acid-amides  the  group  which  causes  the  abnormal  behaviour  may 
be  either  OH  or  NH,  according  as  the  formula  R.C(OH):N.R'  or 
R.CO.NH.R'  is  used;  if  the  hydroxylic  formula  is  correct  o-nitro- 
benzanilid  and  benz-o-nitranilide  should  both  he  abnormal,  whilst  the  keto- 
imide  formula  would  make  o-nitrobenzanilid  abnormal  and  benz-o-nitranilid 
normal ;  experiment  shows  that  all  the  substituted  benzanilids  behave 
abnormally,  except  those  in  which  substitution  takes  place  in  the  ortho- 
position  in  the  aniline-group,  thus  confirming  the  ordinary  keto-imide 
formula  for  the  amides. 

Imido-compounds  are  not  abnormal  when  they  possess  a  marked  basic 
character  ;  thus  diphenylamine,  methylaniline,  and  the  imido-ethers  behave 
normally  when  dissolved  in  benzene,  but  urethane  gives  very  high  values,  and 
pbenylurethane  is  aiso  abnormal,  though  to  a  less  degree.  T.  M.  L. 

677.  Gibbs'  Phase-Rule,  C.  H.  Wind.  (Zeitschr.  Phys.  Chem.  81.  pp. 
300-897,  Dec.  22,  1899.)  —The  author  remarks  that  the  phase-law  is  generally 
;^ven  as  a  deduction  resulting  from  a  series  of  thermodynamical  equations, 
bat  that  it  ought  to  be  possible  to  give  a  simple  and  yet  perfectly  general 
proof  oi  it  based  on  general  reasoning.  He  objects  to  the  proofs  given  by 
Xemst  and  by  Bancroft  as  being  not  really  rigid.  In  the  proof  here  given 
by  himself  the  basis  of  the  argument  is  the  existence  of  the  entropy  function, 
30t  any  particular  analytical  expression  of  the  second  law.  F.  G.  D. 

678.  Solidification  of  Mixtures  of  Two  Substances.  H.  W.  B.  Roozeboom. 
•  Zeitschr.  Phys.  Chem.  80.  pp.  886-412,  Dec.  1,  1899.)--The  author  dis- 
cusses the  phenomena  accompanying  the  solidification  of  a  fused  mixture  of 
I  wo  substances  under  the  following  types  : — 

A.  The  mixture  solidifies  to  a  continuous  series  of  mixed  crystals  of  the 
^ame  kind,  (1)  Solidification-points  of  all  mixtures  lie  between  those  of  the 
two  constituents.  (2)  The  solidification  curve  shows  a  maximum,  or  (8)  a 
tninimuni. 

B.  The  mixture  solidifies  to  an  interrupted  series  of  mixed  crystals  of  the 
^sanie  kind.  (4)  The  solidification  curve  shows  a  transition-point,  or  (6)  a 
coicctic-point 

C.  The  mixture  solidifies  to  two  kinds  of  crystals. 

The  first  type  represents  the  behaviour  of  mixtures  of  two  substances 
are  completely  isomorphous,  but  the  author  holds  that  the  solidifica- 
curve  can  only  be  a  straight  line  when  the  melting-points  of  the  com|^- 
ar^  kientlcal,  and  that  this  has  only  been  observed  expeiimeutaLW^  uv 
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the  case  of  optical  isomerides,  such  as  d-  and  1-  camphoroxime,  the  melting- 
point  curve  of  which  is  a  horizontal  straight  line.  Examples  are  also  quoted 
from  the  experimental  work  of  a  large  number  of  authors  to  illustrate  the 
remaining  types  of  mixtures.  T.  M.  L. 

679.  Transition-points  of  Mixed  Crystals.  H.  W.  B.  Roozeboom. 
(Zeitschr.  Phys.  Chem.  80.  pp.  418-429.  Dec.  1,  1899.)--A  theoretical  discus- 
sion of  the  transition-points  of  mixed  crystals,  classified  into  eight  different 
t)rpes,  similar  to  the  discussion  of  the  solidification-points  in  the  preceding 
Abstract.  T.  M.  L. 

680.  Formation  and  Polymorphous  Change  of  Mixed  Crystals  of  Potassium 
and  Thallium  Nitrates.  C.  van  Eyk.  (Zeitschr.  Phys.  Chem.  80.  pp. 
430-459,  Dec.  1,  1899.) — A  series  of  experiments  undertaken  in  order  to  test 
the  theoretical  conclusions  of  the  two  preceding  papers.  Potassium  nitrate 
melts  at  339°  and  thallium  nitrate  at  206*1°;  the  solidification  cur\'e  for 
mixtures  of  the  two  nitrates  consists  of  two  parts,  the  intersection  of  which 
corresponds  to  a  eutectic-point,  so  that  the  mixture  belongs  to  the  fifth  type 
described  in  Abstract  No.  678  (1900).  The  temperature  of  the  eutectic-point 
is  182°,  and  represents  the  solidification-point  of  a  mixture  containing  81*3  per 
cent,  of  KNO3. 

In  order  to  determine  the  relationship  between  the  composition  of  the 
melt  and  that  of  the  crystals,  a  small  quantity  of  the  liquid  was  allowed  to 
solidify  in  a  special  apparatus,  in  which  the  crystals  could  be  separated  and 
drained,  and  the  thallium  was  then  estimated  by  precipitation  as  thallium 
iodide.  Mixtures  containing  more  than  31*8  per  cent,  of  potassium  nitrate 
deposit  crystals,  which  are  richer  in  potassium  nitrate  than  the  liquid  from 
which  they  separate,  whilst  mixtures  containing  less  than  81'8  per  cent,  of 
KNOs  deposit  crystals  richer  in  TlNOj ;  since  the  former  are  lighter  and  the 
latter  are  heavier  than  the  liquid  from  which  they  separate,  the  composition 
of  the  eutectic  mixture  (81'8  per  cent.  KNOj)  can  be  very  accurately  deter- 
mined. By  extrapolation  it  is  found  that  the  two  types  of  crystals  which 
separate  together  at  the  eutectic-point  contain  respectively  20  and  60  mole- 
cules per  cent,  of  KNOs;  their  densities  should  be  5*24  and  4*67,  but  the  ' 
mixture  is  too  intimate  to  allow  of  the  separation  of  the  crystals  by  any 
mechanical  method. 

If  the  whole  of  the  liquid  be  allowed  to  solidify  the  nature  of  the 
phenomena  will  depend  on  whether  the  solid  phase  adjusts  itself  to  the  ^ 
changing  composition  of  the  liquid  phase  or  not ;  in  practice,  it  appears  that  < 
the  crystals  which  first  separate,  and  which  are  no  longer  in  equilibrium  with  1 
the  liquid  phase  in  its  altered  composition  do,  to  some  extent,  redissolve,  j 
but  that  the  adjustment  of  the  solid  phase  to  the  altered  conditions  is  only 
partial. 

Potassium  and  thallium   nitrates  both  cr)rstallise   in   the  rhombohedral 
system  at  high  temperatures,  but  there  is  a  gap  in  this  "a"  isomorphous 
series,  since  mixed  crystals  containing  between  20  and  60  per  cent,  of  KNQa 
are  not  formed  at  182^.    At  ordinary  temperatures  the  nitrates  form  a  second 
"/3"  isomorphous  series  of  rhombic  crystals,  but  here  also,  as  Fock  has 
shown,  there  is  a  gap.    The  transition-point  for  potassium  nitrate  lies  betweei 
126  and  128°,  and  thallium  nitrate  was  found  to  show  a  similar  transitiop 
point  at  142*6°.    The  transition-point  of  each  is  lowered  by  the  addition  of 
small  quantity  of  the  other  nitrate,  the  lowest  value  of  the  transition-poll 
^ingl88''on  the  side  of  the  TlNOs,  and  108*6°  on  the  side  of  the  KNOb;  t 
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these  changes  occur  over  a  definite  temperature  interval.  The  conglomerates 
of  crystals,  which  appear  when  the  composition  of  the  mixture  lies  outside 
the  miscibility  limits  of  the  two  substances,  show  two  transition-points ; 
if  the  series  of  mixed  crystals  richer  in  TlNOs  be  described  as  a 
(rhombohedral)  and  p  (rhombic)  and  those  richer  in  KNOs  as  a  and  /3', 
then  at  188°  the  a  crystals  become  unstable  and  break  down  into  a  con- 
^omerate  of  fi  and  a  crystals,  which  are  then  the  stable  forms,  and  at 
108"5®  the  a  crystals  break  down  similarly  into  a  conglomerate  of  /3  and  fi' 
crystals. 

The  miscibility  limits  arc  as  follows  : — 

il)  At  the  eutectic-point,  182°,  a  =  20%,  a' =  50%  KNO3. 

<2)  At  the  upper  transition-point,  138°,  /3  =  20%,  a'  =  69%  KNO3. 

(8)  At  the  lower  transition-point,  108-5^,  /5  =  8ri%,  /3'  =  84%  KNOa. 

(4)  At25°,/}  =  19%,^'  =  94%  KNO3. 

<5)  At  10°,  ^  =  15-5%,  /J'  =  96-5%  KNO3.  T.  M.  L. 

681.  Eqmlibrium  in  the  System,  Water-  Phenol -Aniline,  F.  A.  H. 
Schreinemakers.  (2^itschr.  Phys.  Chem.  29.  pp.  577-602,  and  80. 
pp.  460-480,  1899.)— I.  The  limits  of  miscibility  of  water  (W),  aniline  (A), 
and  phenol  (P)  at  different  temperatures  are  shown  by  the  isotherms  in 
the  accompanying  triangular  diagram.  Aniline  and  phenol  are  com- 
pletely miscible  at  all  temperatures,  but  form  an  additive  compound, 
CcHjOH  .C«HsNHs,  (V),  which  melts  at  81°.  Water  and  phenol  are  com- 
pletely miscible  above  68°,  at  which  temperature  the  composition  of  the 
two  layers  becomes  identical  at  W=66  per  cent.,  P  =  85  per  cent.  Water 
and  aniline  are  completely  miscible  above  167°.  The  field  in  which  two 
liquid  phases  appear  is,  in  this  case,  continuous  for  each  temperature,  whereas 
in  the  system  water-alcohol-succinonitrile  two  areas  appear,  the  isothermals 
being  in  the  form  of  two  loops. 

The  addition  of  sodium  chloride  (6*47  *per  cent.)  to  a  mixture  of  water  and 
phenol,  raises  the  miscibility  limit  from  68°  to  143°,  but  the  addition  of  alcohol 
♦  iri8  per  cent.),  which  dissolves  chiefly  in  the  phenol  and  not  in  the  watery 
bycr,  lowers  the  miscibility  Hmit  to  54*6°. 

II.  On  cooling  mixtures  of  water  with  aniline  or  phenol  three  cases  are 
possible  according  as  (1)  each  deposits  ice,  (2)  each  deposits  solid  aniline  or 
phenol,  (8)  one  deposits  ice  and  the  other  deposits  aniline  or  phenol.  It  is 
found  by  experiment  that  mixtures  of  water  and  phenol  deposit  solid  phenol, 
bat  mixtures  of  water  and  aniline  deposit  ice  ;  the  system  therefore  belongs 
to  the  third  type,  but  is  complicated  by  the  fact  that  V  may  also  separate  as  a 
solid  phase. 

Ice  and  aniline  can  exist  together  as  two  solid  phases  in  contact  with  a 
single  liquid  phase  at  temperatures  between  — 12°  (eutectic-point  for  W  and 
A,  with  no  phenol  in  the  liquid  phase)  to  —  17°.  Ice  and  phenol  can  exist  as 
sobd  phases  in  contact  with  a  single  liquid  phase  under  two  sets  of  conditions  : 
a  the  liquid  phase  consists  chiefly  of  phenol  the  maximum  temperature  is  — 1'1°, 
wtiilst  if  the  liquid  phase  consists  chiefly  of  water  the  maximum  temperature 
ts  — Oil*,  the  eutectic-point  for  W  and  P.  Similarly  ice  and  V  can  exist 
as  solid  phases  up  to  —  0*9°  in  a  mixture  consisting  chiefly  of  phenol, 
op  to  —  0*5°  in  a  mixture  consisting  chiefly  of  aniline  ;  in  contrast  to  these 
temperatures  a  genuine  maximum  temperature  occurs  for  this  system 
P  and  A  are  present  in  molecular  proportions  ;  this  is  the  eutectic-point 
lor  W  and  V  and  occurs  at  —  0*8°,  falling  to  a  limiting  temperature  oi  — 0*&^ 
or-— 0^  when  aniline  or  phenoJ  is  added  in  excess  of  the  proportious  va 
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which  they  combine  to  form  V.  Aniline  and  phenol  as  solid  phases  in 
contact  with  a  single  liquid  phase  have  not  been  observed,  but  phenol  and  V, 
or  aniline  and  V,  may  separate  together  at  temperatures  up  to  the  eutectic- 
points,  +  16°  and  — 11 '7°  respectively. 

Two  liquid  phases  can  occur  in  contact  with  solid  phenol  from  1*6°  (no 
aniline)  to  —  I'V  and  in  contact  with  ice  from  — 1*1°  to  —  0"9°,  but  solid 
aniline  has  never  been  observed  experimentally  in  contact  with  two  liquid 
phases.  The  maximum  temperature  at  which  the  solid  V  can  occur  in  contact 
with  two  liquid  phases  is  17*8®  when  aniline  and  phenol  are  in  molecular 
proportions,  falling  to  —  0*9**  and  0*5°  in  presence  of  an  excess  of  phenol  or 
aniline  respectively. 

In  mixtures  of  V  with  water  there  will  be  a  definite  transition-temperature 


^ 


(Uebergangstcmperatur)  at  which  alone  the  solid  is  in  equilibrium  with  two 
liquid  phases  (1)  if  the  compound  V  passes  into  solution  unchanged,  or  (2)  if 
it  breaks  up  in  solution,  but  the  aniline  and  phenol  are  still  in  molecular  pro- 
portions in  each  layer  ;  in  the  latter  case  the  effect  on  the  transition-point  of 
adding  an  excess  of  phenol  or  aniline  will  be  represented  by  a  continuous 
curve,  since  these  are  already  present  in  the  solution,  but  in  the  former  case 
by  two  intersecting  curves.  If,  however,  the  aniline  and  phenol  produced  by 
the  dissociation  of  V  are  distributed  unequally  between  the  two  liquid  layers  the 
transition-point  will  be  broadened  into  a  transition-interval ;  the  solubility  curve  j 
for  the  solid  V^  in  water  indicates  the  presence  of  a  narrow  transition-interval  ^ 
from  16-9  to  17*2^  T.  M.  L.    j 

682.  Equilibria  in  the  System,  Water -Ethyl  Ether -Succinonitrile.  F.  A^ 
H.  Schreinemakers.  (Archives  Neerlandaises,  8.  pp.  1-78,  1899.) — The 
author,  in  continuation  of  his  researches  on  phase-equilibria  in  which  several 
liquid  phases  may  coexist,  describes  in  this  paper  a  system  in  which  three 
coexisting  liquid  phases  make  their  appearance.  The  paper  contains  the 
experimental  results,  and  a  discussion  of  them  by  means  of  triangular 
diagrams  and  other  graphical  methods  of  representation.  A  theoretical 
treatment  of  the  case  of  three  coexistent  liquid  phases  is  postponed  for  i 
later  paper.    (See  also  1898,  Abstract  No.  1261.)  F.  G.  D 

683.  Dilution  Law.     W.  D.   Bancroft.     (Zeitschr.   Phys.  Chem.  8 
pp,    188-196,    Dec.    22,    1899.)— The   forinulae    put    forward    by   Ostw> 

(Zeitschr.  Phys.  Chem.  86,  1890)  and  by  van't  Hoff  {Ibid.  18.  800,  1895) 
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express  the  effect  of  dilution  on  the  dissociation  of  weak  and  of  strong 
electrolytes  respectively  are  special  cases  of  the  formula  K=:Cr/Cx(Storch, 
Zeitschr.  Phys.  Chem.,  19.  18,  1896),  where  C^  and  C,  represent  the  con- 
centration of  the  ions  of  a  binary  electrol3rte  and  of  the  undissociated  salt 
respectively.  Ostwald's  formula  (n  =  2)  gives  good  values  in  the  case  of  weak 
adds  and  bases,  whilst  van't  HofiF's  formula  {n  =  1'5)  gives  good  values  with 
•*  strong*'  electrolytes ;  it  is  now  suggested  that  n  should  be  determined  empiri- 
cally by  plotting  a  curve  with  the  values  of  log  C,  as  abscissa;  and  log  C^  as  ordi- 
nates ;  the  curves  are  all  straight  lines,  but  deviate  at  high  concentration,  and 
in  the  case  of  concentrated  solutions  of  KOH,  HCl  and  LiCl  maximum  points 
occur ;  the  inclination  of  the  straight-line  curve  gives  the  value  of  n.  Tables 
are  given  for  10  salts  for  which  n  varies  from  1*86  Tpotassium  chloride)  to  1*56 
(silver  nitrate),  and  it  is  shown  that  the  values  of  100a  (the  percentage  dis- 
Tiociation)  calculated  rom  the  formula  agree  closely  with  the  observed  values 
up  to  a  concentration  approaching  C  =  1.  It  is  suggested  that  the  deviations 
in  more  concentrated  solutions  may  be  due  in  part  to  a  variation  of  the 
migration  velocity  of  the  ions  with  the  concentration,  but  may  also  be  due  to 
the  conductivity  ceasing  to  be  a  true  measure  of  the  degree  of  dissociation. 

T.  M.  L. 

684.  Mew  Inorganic  Ionising  Solvent,  P.  Walden.  (Bcr.,  82.  pp.  2862- 
0871,  Nov.,  1899.) — Liquid  sulphur  dioxide  dissolves  a  number  of  inorganic 
sahSy  as  weU  as  hydrocarbons,  alcohols,  organic  acids,  esters  and  bases. 
Many  of  the  solutions  show  characteristic  colours,  and  double  decompositions 
and  colour-reactions  take  place  as  readily  as  in  aqueous  solutions.  Conduc- 
ti%*ity  measurements  are  given  for  solutions,  in  liquid  sulphur  dioxide  at  0^  of 
potassium,  sodium,  ammonium  and  rubidium  iodides,  potassium  bromide, 
potassium  and  ammonium  thiocyanates,  trimethylsulphine  iodide,  tetramethyl 
and  tetraethylammonium  iodides ;  in  the  case  of  the  last  three  substances 
the  values  for  the  conductivity  were  considerably  greater  that  those  for 
similar  solutions  in  water  at  0°.  Molecular  weight  determinations  made  by 
Landsberger  and  Walker's  method  showed  that  potassium,  sodium,  rubidium 
and  ammonium  iodides  are  polymerised  in  solution  in  sulphur  dioxide,  but 
potassium  thioc3ranate,  trimethylsulphine  iodide,  tetramethyl-  and  tetraethyl- 
amxnonium  iodides  appear  to  be  dissociated  to  a  very  considerable  extent. 
The  molecular  elevation  of  the  boiling-point  was  calculated  from  the  boiling- 
point  and  latent  heat  of  fusion  to  be  15*02,  whilst  an  experimental  determina- 
tion with  non -electrolytic  solutions  of  naphthalene,  toluene,  and  acetanilid 
^rvc  E  =  16-0.  T.  M.  L. 


.  Electrolytic  Conductivity  of  Non-Aqueous  Solutions.  A.  T.  Lincoln. 
'joom.  Phys.  Chem.  8.  pp.  467-494,  1899.  From  the  Transactions  of  the 
Wisconsin  Academy  of  Sciences,  Arts,  and  Letters,  vol.  12.  pp.  895-458.) — 
This  is  practically  a  continuation  of  the  paper  referred  to  in  Abstract  No.  781 
i' 1809 1.  Qualitative  and  quantitative  measurements  were  made  with  a  large 
nsxnber  of  organic  solvents.  A  great  part  of  the  paper  is  filled  witli  a 
discussion  of  the  work  of  other  observers,  and  should  prove  useful  as  a 
bibliographical  review.  W.  R.  C. 

Jonisation  of  Satis  in  Methyl  and  Ethyl  Alcohols.    H.  C.  Jones. 
.    Phys.    Chem.    81.    pp.    114-141,    Dec.  22,   1899.)— The    method 
consists  in  determining  the  rise  of  boiling-point.     The  author 
apparatus  for  which  he  claims  that  it  reduces  radiation  errors  to  a 
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minimum,  prevents  the  cold  condensed  solvent  from  coming  into  contact 
with  the  thermometer,  and  renders  a  vapour-mantle  unnecessary.  The  salts 
investigated  in  methyl  alcohol  are  the  iodides  and  bromides  of  potassium, 
sodium  and  ammonium,  potassium  and  sodium  acetates  and  calcium  nitrate. 
For  the  halides  the  calculated  dissociations  run  from  47  to  64  per  cent.  For 
the  acetates  the  value  is  about  88  per  cent.,  while  for  calcium  nitrate  it  is 
about  14  per  cent.  The  salts  investigated  in  ethyl  alcohol  are  the  iodides  of 
potassium  and  sodium,  the  bromides  of  sodium  and  ammonium,  potassium 
and  sodium  acetates,  and  calcium  nitrate.  The  dissociations  are  here  much 
smaller  than  in  the  case  of  methyl  alcohol.    (See  also  1898,  Abstract  No.  1878.) 

F.  G.  D. 

687.  Influence  of  Suhslances  Containing  a  Common  Ion  on  the  E.M.F  of 
Concentration  Cells  and  on  the  Velocity  of  Diffusion.  R.  Abegg  and  E.  Bose. 
(Zeitschr.  Phys.  Chem.  80.  pp.  646-665,  Dec.  1, 1899.  From  the  Jahresbericht 
der  Schlesischen  Gesellschait  f ur  Vaterlandische  Kultur.) — Employing  Nernst's 
theory  it  is  shown  that  the  E.M.F.  of  a  liquid  cell  containing  two  solutions 
of  different  concentrations  of  an  electrolyte  KA  will  be  diminished  by  the 
addition  of  an  electrolyte  K'A  in  equal  concentration  on  both  sides. 

Proceeding  to  electrolytic  diffusion  the  authors  show  that  an  electrolyte 
will  diffuse  with  a  velocity  corresponding  to  the  mobility  of  its  anion  of  its 
kation,  according  as  the  solution  (through  addition  of  another  electrol)rte) 
contains  a  great  excess  of  the  kation  or  anion  respectively.  On  this  result 
they  base  a  hypothetical  explanation  of  the  influence  exerted  by  neutral  salts 
in  increasing  the  catalytic  action  of  hydrogen  ions,  as  observed  by  Arrhenius 
in  the  inversion  of  sugar.  F.  G.  D. 

688.  E.M.F.  of  Cells  and  Thermo-Chemical  Data.  D.  Tommasi.  (Elect 
Rev.  46.  pp.  1068-1064,  Dec.  29,  1899.)— The  author  enunciates  the  law  that 
when  one  metal  replaces  another  in  a  saline  solution  the  heat  evolved  for  a  J 
given  metal  is  the  same  (called  the  thermic  constant)  whatever  the  nature  of 
the  acid  radicle.  Hence  the  E.M.F.  of  a  cell  of  the  Daniell  type  is  in- 
dependent of  the  electrolytes.  Examples  are  given  of  the  calculation  of 
E.M.F.  of  two-fluid  cells.  In  the  case  of  one-fluid  cells  the  E.M.F.  is  given 
by  the  difference  of  the  thermic  constants  of  the  metal  dissolved  and  of  tho*: 
hydrogen  evolved.  W.  R.  C.J 

689.  E.M.F.  and    Chemical   Equilibrium.      V.   Rothmund.     (Zcitscl 
Phys.  Chem.  31.  pp.  69-78,  Dec.  22, 1899.)— Van't  Hoff's  well-known  equation— j 

E==RTlogit 

(where  k  is  the  reaction  constant)  is  applicable  in  many  cases  where 
reaction  is  not  directly  an  electrochemical  one.    Thus  the  reversible  dv. 
tion  of  a  metallic  oxide,  say — 

HgO^ZfHg-hO 

can  be  brought  under  it  by  measuring  the  E.M.F  of  the  cell — 

Pt :  O, :  normal  NaOH  :  HgO  :  Hg. 

By  means  of  a  cyclic  process  of  thermodynamics  the  author  shows  that — 

where/  is  the  dissociation  pressure,  and  /=  quantity  of  electricity  assocu 
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with  1  gram-equivalent  For  mercuric  oxide  this  gives  p  =  lO-»o««  atmos. 
Accordingly  mercury  should  oxidise  in  air  at  ordinary  temperature  :  that  it 
does  not  in  practice  may  be  set  down  to  excessive  slowness  of  reaction,  or  to 
a  **  false  equilibrium  "  ;  the  numerical  result  does  not,  however,  agree  with 
those  of  Pelabon  for  high  temperatures.  Other  cases  are  considered  similarly, 
hat  without  numerical  results.  R.  A.  L. 

000.  Electrolytic  Reduction  of  Potassium  Chlorate,    A.  L.  Vocge.    (Journ. 
Phys.  Chem.  8.  pp.  677-601,  Dec,  1899.) — In  order  to  obtain  data  which  may 
serve  as  a  basis  for  a  theory  of  electrolytic  reduction,  an  exhaustive  quantita- 
tive study  has  been  made  of  the  reduction  of  potassium  chlorate,  this  salt 
being  chosen  on  account  of  the  ease  with  which  it  and  its  reduction  products 
can  he  anal3rtically  determined,  and  also  because  the  total  yield  varies  much 
with  changing  conditions.    The  author  draws  the  following  conclusions  from 
the  experimental  results,  full  details  of  which  are  given  in  the  paper.    (1)  The 
reduction  is  greater  in  acid  than  in  alkaline  solutions.    (2)  The  amount  of 
reduction  varies  with  the  metal  used  for   the  electrodes,  zinc  being  more 
efl&cient  than  cadmium,  and  the  latter  more  so  than  platinum.    (8)  With  zinc 
and  platinum  the  reduction  increases  greatly  with  decreasing  current  density, 
whilst  this  is  not  observed  with  cadmium.    (4)  The  reduction  yield  is  greatly 
affected  by  the  physical  structure  of  zinc  electrodes,  large  crystals  being 
associated  with  a  higher  efficiency.    (5)  An  increase  of  temperature  greatly 
facilitates  reduction.    (6)  The  reduction  depends  largely  on  the  strength  of 
flie  solphuric  acid  used,  the  maximum  efficiency  being  obtained  with  about 
1*6  normal  strength.    (7)  Decreasing  the  current  strength  increases  reduction, 
but  this  result  is  possibly  due  to  the  change  in  voltage  occurring.    (8)  No 
electroljrtic  reduction  occurs  at  the  anode  .in  zinc,  cadmium,  and  platinum 
cells,  all  chloride  found  there  being  due  to  the  action  of  the  acid  and  to 
diffusion  from  the  kathode  cell.    (9)  Potassium  zincate  is  formed  at  the 
kathode  by  the  secondary  reaction  of  potassium  hydroxide,  electrolytically 
formed,  with  the  zinc,  and  the  hydrogen  resulting  from  this  reaction  is  used 
in  reduction,  making  it  possible  to  obtain  an  electrolytic  efficiency  of  more 
than  100  per  cent.    (10)  Copper  is  only  slightly  attacked  by  sulphuric  acid 
alone,  but  is  readily  dissolved  in  the  presence  of  potassium  chlorate,  and  an 
almost  quantitative  yield  of  potassium  chloride  is  obtained.    (11)  This  re- 
duction bj'  copper  without  electrolysis  is  about  four  times  that  by  zinc  for 
equivalent  quantities  dissolved,  although  zinc  dissolves  much  more  slowly 
than   copper.     (12)  With   copper  electrodes  the    electrolytic  reduction  is 
probably  less  than  with  zinc  electrodes,  but  this  is  difficult  to  establish 
condosiTely  because  of  the  great  amount  of  reduction  due  to  purely  chemical 
when  copper  is  employed.  N.  L. 


091.  Electrolysis  of  Potassium  Chloride,  A.  Brochet.  (Comptes  Rendus, 
laO.  pp.  134-187,  Jan.  15, 1900.) — A  series  of  experiments  on  the  lines  of  those 
described  by  Foerster  (see  1899,  Abstract  No.  1946)  was  made,  reduction 
being  entirely  prevented  by  the  addition  of  potassium  bichromate,  as  recom- 
mended by  Miiller  (see  1899,  Abstract  No.  1408).  In  one  of  the  experiments, 
Uie  results  of  which  are  represented  by  curves,  a  solution  containing  20  per 
cent,  of  potassium  chloride,  O'l  per  cent,  of  potassium  bichromate,  and  0'2 
cent,  of  caustic  potash  was  electrolysed  at  16°-20°  between  platiniridium 
using  a  current  density  of  0*045  ampere  per  square  centimetre  at 
volts.    In  the  first  1|  hours  the  total  current  efficiency  f eU  irom  W 
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to  90  per  cent.,  and  in  the  same  time  the  amount  of  hypochlorite  attained  its 
constant  value,  equivalent  to  about  15  grammes  of  chlorine  per  litre.  The 
proportion  of  chlorate  formed  increases  very  slowly  during  the  time  that 
hypochlorite  is  produced,  but  afterwards  increases  rapidly  and  uniformly 
until  it  becomes  constant.  The  electrolysis  of  water,  very  slight  at  first, 
gradually  increases  and  becomes  constant  at  the  end  of  three  hours.  Without 
alkali  the  current  jrield  is  still  higher  and  more  hypochlorite  is  formed,  whilst 
if  more  alkali  is  added  the  yield,  and  the  production  of  hypochlorite,  decrease. 
The  yield  of  potassium  chlorate  is  over  70  per  cent.,  whereas  without  the 
addition  of  chromate  not  more  than  35  per  cent,  is  obtained.  N.  L. 

692.  ElectrO'deposiiion  of  Zinc,  S.  Cowper-Coles.  (Electrician,  44. 
p.  484,  Jan.  19^  1900.) — The  experiments  described  by  the  author  were  under- 
taken in  order  to  determine  the  adhesiveness  of  zinc  to  steel,  when  deposited 
under  var3dng  conditions  as  regards  preparation  of  the  steel  plates,  acidity  of 
the  electrolyte,  and  current  strength.  It  was  found  that  perfect  adhesion  was 
only  secured  when  the  current  was  reversed  for  a  few  moments  before  com- 
mencing the  deposition.  In  other  cases  the  deposit  was  non-adhesive,  a 
result  ascribed  by  the  author  to  the  slight  film  of  oxide  which  covered  the 
steel.  Neutral  solutions  were  found  to  yield  the  most  regular  and  even 
deposits.  J.  B.  C.  K. 

693.  Merits  of  Fintly  and  Coarsely  Powdered  Materials  in  Manufacture  of 
Calcium  Carbide,  B.  Carlson.  (Zeitschr.  Elektrochem.  6.  pp.  324-328, 
Dec.  7,  1899.) — The  author  fully  discusses  the  respective  merits  of  coarsely 
and  finely  powdered  raw  materials  in  the  manufacture  of  calcium  carbide,  and 
expresses  his  opinion  as  to  the  advantage  of  a  coarse  mixture.  The  heat 
necessary  for  obtaining  the  carbide  is  partly  utilised  in  heating  and  melting 
the  raw  materials,  i.e.^  carbon  and  lime.  Neither  the  specific  nor  the  melting 
heat  of  these  two  bodies  is  a£Eected  by  the  size  of  the  grains  employed.  A 
number  of  proofs  in  favour  of  a  coarse  mixture  are  given,  such  as  the  solubility 
of  the  raw  materials  in  the  already  formed  carbide,  and  the  greater  ease  with 
which  the  gases  formed  can  find  their  exit  without  giving  rise  to  explosive 
eruptions,  as  in  the  case  of  a  dense  mixture,  and  the  accompanying  throwing 
up  of  fine  dust,  &c.  Another  important  point  seems  to  consist  in  the  better 
utilisation  of  the  heat  of  the  gases  generated  in  their  upw^ard  passage  and  also 
the  prevention  of  bridging  over  of  the  molten  particles.  j 

The  theoretical  quantity  of  lime  and  coke  together  for  the  production  of  'i 
1,000  kilos  of  carbide  equals  1,440  kilos.  Actual  trials  by  the  Deutsche  Gold  \ 
and  Silber  Scheideaustalt  in  Frankfort  have  shown  that  1,590  kilos  aro  ' 
required  in  practice  with  the  coarser  mixture  there  employed.  In  the  case  of 
fine  material  8,000  kilos  and  upwards  are  required.  The  process  used  at  the 
above  works  is  the  one  introduced  by  J.  Pfleger  for  employing  coarse  mixtures, 
and  has  some  novel  features  which  the  author  promises  to  discuss  in  a  future 
communication.  O.  }.  S. 

694.  Cost  of  Calcium  Carbide,    H.  Allen.    (Elect.  Rev.  46.  pp.  7--8,  Jan. 

5, 1900.)— The  author  bases  the  estimates  given  in  these  notes  upon  theoretical 

data,  and  upon  the  lowest  realised  cost  for  electrical  energy  when  derived 

from  water-power,  namely,  0*181d.  per  B.T.U.    Using  these  figures,  he  esti- 

msites  that  one  ton  of  carbide  should  cost  £9  5s.  5d.    The  details  of  hi 

estimate  are  as  follows  ; — 
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a-148  tons  Limestone  at  lOs.  (crushed) 115 

OaO  ton  Coke  at  aos.  (crushed)  0  16    0 

4S74  B.T.U.  at  fUSld. 2  11    8 

Electrode  Carbons    1    0    0 

Labour,   Oil,   Waste,    Interest    and    Maintenance 

Charges   8  16    4 

The  Mithor  stales  that  this  result  can  be  improved  upon  by  use  of  blasl- 
furoace  gases  for  power  generation  by  the  Thwaite-Gardner  or  other  system, 
and  reference  is  made  to  the  installation  of  the  former  for  carbide  production 
at  an  ironworks  in  Westphalia.  J.  B.  C.  K. 

60B.  Duciuse  Electric  Furnace.  (Ind.  Electrochim.  8.  pp.  116-117,  No\'., 
UBB.  From  the  Ingenieur  /ranfais  through  Elcclro-chimie,  1899,  p.  174.) — 
The  furnace  b  circular  in  plan  with  a  movable  hearth,  the  whole  of  which 
acts  as  the  negative  electrode,  A  tap-hole  is  provided  to  run  off  liquid 
imelting'products,  and  in  the  upper  portion  of  the  furnace  is  a  side  flue, 
provided  with  a  sight-hole  and  cleansing  door ;  through  this  flue  the  heated 
fnrnacc  gases  arc  carried  to  a  chamber  in  which  the  furnace-charge  is  pre- 
heated. The  furnace  is  surmounted  with  a  domed  cover  fitted  with  an  eye- 
bolt  by  which  it  may  be  raised  from  its  position,  and  perforated  with  charging 
doors,  and  with  four'  apertures,  through  each  of  which  passes  one  of  four 
carbon  rods  forming  the  positive  electrodes.  These  electrodes  are  supported 
from  above  in  such  a  way  that  their  position  may  be  regulated  automatically 
or  at  will.  By  means  of  a  motor  working  on  a  shunt  from  the  main  circuit, 
a  rotary  current-distributor  causes  the  main  current  to  pass  through  each  of 
the  electrodes  in  succession  3,000  times  a  minute,  contact  with  any  one  carbon 
not  being  broken  until  that  with  the  next  has  been  made,  so  that  sparking  is 
avoided.  There  is  in  this  way  produced  in  the  hearth  of  the  furnace  an  arc 
wtiicb  practically  rotates  at  8,000  revolutions  per  minute.  W.  G.  M. 
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698.  Receiver  Drop  in  Multiple  Expansion  Engines,  R.  L.  Weighton. 
(Mech.  Eng.  5.  pp.  124-127,  Jan.  27,  1900.  Abstract  of  paper  read  before  the 
North-East  Coast  Institution  of  Engineers  and  Shipbuilders,  at  Newcastle- 
upon-Tyne,  Jan.  19.) — The  author  gives  results  of  trials  to  determine  the 
most  economical  point  of  cut-off  in  the  larger  cylinders  of  multiple  expansion 
engines.    The  deductions  from  the  results  of  the  trials  are  : — 

(1)  Maximum-economy  cut-off  R  -h  6*6 

Stroke  66  R 

where  R=:  the  ratio  between  the  capacities  of  the  given  cylinder  and  the 
preceding  cylinder. 

(2)  If  maximum  economy  at  all  powers  is  to  be  preserved,  the  cut-off  in 
larger  cylinders,  once  fixed,  should  never  be  altered,  whatever  may  be  the 
cut-off  in  the  H.P.  cylinder,  or  the  steam  pressure. 

(8)  The  cut-off  of  maximum  power  coincides  with  the  cut-off  of  maximum 
economy  in  L.P.  cylinder  of  triples,  and  the  second  intermediate  and  L.P, 
cylinders  of  quadruples.  The  maximum-power  cut  off  is  considerably  later 
than  that  of  maximum  economy  in  second  cylinder  of  triples  and  quadruples. 
In  compounds  the  maximum-power  cut-off  in  the  L.P.  cylinder  is  only  slightly 
later  than  that  of  maximum  economy. 

(4)  When  R  is  from  2  to  2*5  the  cut-oft'  in  larger  cylinders  may  be  varied 
considerably  without  an  appreciable  fall  in  economy,  but  where  R  is  large, 
deviation  entails  a  fall  in  economy. 

(6)  With  given  efficiency  in  receiver  drop,  smallness  of  cylinder  ratio  is    'i 
conducive  to  smoothness  of  working,  uniformity  of  turning,  durability,  handi- 
ness  in  starting  and  reversing,  and  compactness  of  design.  J.  T.  R, 


699.  Friction  Tests  of  a  Locomotive  Slide  Valve.  F.  C.  Wagner.  (Mech, 
Eng.  4.  pp.  857-858,  Dec.  9, 1899.  Paper  read  before  the  American  Society 
of  Mechanical  Engineers,  Dec,  1899.) — During  some  recent  locomotive  teste 
made  at  the  Rise  Polytechnic  Institute  by  Butler  and  Crebs  it  was  found 
desirable  to  operate  one  of  the  valves  by  an  electric  motor.  It  occurred  te 
the  writer  that  some  useful  data  upon  the  friction  of  a  locomotive  slide  valve 
might  easily  be  obtained.  The  power  used  to  drive  the  valve  was  obtained 
by  measuring  that  delivered  to  the  motor,  and  making  allowances  for  the 
efficiency  of  the  motor  and  the  friction  of  the  transmitting  mechanism.  Two 
tests  were  made,  and  the  results  are  given  in  tabular  form ;  in  one  trial  the 
coefficient  of  friction  was  0*050,  in  the  other  trial  0036.  A.  S. 

700.  Friction  of  Steam  Packings.  C.  H.  Benjamin.  (Mech.  Eng.  4.  pf 
888-889,  Dec.  9, 1899.  Paper  read  before  the  American  Society  of  Mechanic 
Engineers,  Dec,  1899.) — The  experiments  described  in  this  paper  were  madi 
at  the  Case  School  by  senior  students  under  the  direction  of  the  writer.    Tl" 

apparatus  consists  of  a  cast-iron  cylinder  6  X  18  inches  inside,  fitted  at  ea< 
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end  with  a  cover  and  stuffing-box  suitable  for  a  2-inch  rod.  The  rod  was 
given  a  reciprocating  motion  by  means  of  a  slotted  cross-head  and  crank,  a 
pollej  on  the  crank  was  connected  by  a  belt  with  a  transmission  dynamometer, 
steam  was  admitted  to  the  cylinder,  and  the  condensed  water  drained  off 
from  time  to  time.  The  travel  of  the  rod  was  4*25  inches,  and  the  usual  speed 
about  200  revolutions  per  minute,  giving  a  piston  speed  of  140  feet  per  minute. 
Seventeen  different  varieties  of  packing  were  tested,  none  being  metallic 
packings  strictly  so  called.  The  apparatus  was  first  tested  empty  to  deter- 
mine the  friction,  the  packing  was  then  inserted  and  adjusted,  and  the  steam 
turned  on.  The  very  least  pressure  which  would  prevent  leakage  was  used 
oti  the  gland  nuts.  The  packing  was  then  tested  under  steam  pressures,  each 
mn  lasting  from  16  to  40  minutes.  The  results  are  given  in  a  table,  and  the 
effects  of  varying  steam  pressure  and  of  tightening  the  gland  nuts  are  dis- 
cussed. 

The  following  general  conclusions  arc  drawn  :  (1)  the  softer  rubber  and 
graphite  packings,  which  are  self-adjusting  and  self-lubricating,  consume  less 
power  than  the  harder  varieties.  (2)  Oiling  the  rod  reduces  the  friction  with 
any  packing.  (3)  There  is  almost  no  limit  to  the  loss  caused  by  the  injudicious 
use  of  the  spanner.  (4)  The  loss  of  power  varies  almost  directly  with  tlie 
steam  pressure  in  the  harder  varieties  of  packing,  but  is  nearly  constant  witli 
the  softer  kinds.  A.  S. 

701.  Packing  Ring  for  Piston  Valves.   (Mech.  Eng.  4.  p.  762,  Nov.  18,  1899.) 
— A  description  of  a  packing  ring  for  piston  valves  for  a  heavy  freight  loco- 
motive built  for  the  Illinois  Central  Railroad  by  the   Brooks  Locomotive 
Works.      The  packing  ring  is  made  in  one  solid  piece,  and  turned  up  of 
larger  diameter  than  the  bore  of  the  bushing.    A  saw-cut  is  made  on  the 
bevel  across  the  ring  and  a  shim  of  the  required  thickness  is  inserted.    The 
ends  arc  then  clamped  together  by  a  bolt,  lugs  for  the  purpose  being  provided 
on  the  inside  of  the  ring,  and  accurately  turned  to  the  proper  size.     The 
design  seems  to  have  the  advantage  of  a  plain  plug  valve  and  an  additional 
one,  in  that  the  valve  may  at  any  time  be  made  tight  with  comparatively  little 
expense.  A.  S. 

702.  WaUr-iuhe  Boilers  in  the  U.S.  Navy.  G.  W.  Melville.  (Mech. 
Eng.  4.  pp.  897-899,  Dec.  16, 1899.  Abstract  of  paper  read  before  the  Society 
of  Naval  Architects  and  Marine  Engineers,  New  York,  Nov.,  1899.)--The 
acioption  of  water-tube  boilers  in  all  future  vessels  of  the  U.S.  Navy  is 
a  natural  step  in  the  advance  towards  a  perfect  naval  fighting  machine. 
The  enginecr-in-chief  of  that  navy  considers  that  the  design  of  these  boilers 
is  wrong  in  principle  on  account  of  the  pressure  being  inside,  instead  of  on 
tbe  outside,  of  the  tul)cs,  these  being  the  weakest  part  of  the  boilers  ;  also  on 
account  of  the  smaller  quantity  of  water  in  the  boiler,  the  difficulty  of 
observing  a  leak,  and  the  decreased  value  of  the  heating  surface.  Neverthe- 
less these  boilers  are  tactical  necessities  for  warships.  They  are  considerably 
lifter  than  boilers  of  the  old  type,  and  in  consequence  the  ship  having  them 
will  l>e  smaller  and  handier — will  have  somewhat  less  draught,  and  will  cost 
less.  The  draught  of  water  is  the  limiting  condition  in  size  of  warships,  so 
that  for  a  maximum  of  fighting  efficiency  water-tube  boilers  must  be  used. 
Anv  sa.ving  of  weight  or  space  consistent  with  efficiency  is  of  great  importance 

tavar  vessels. 

AH  torpedo  boats  and  destroyers  in  the  American  navy  since  the  Ctisking 
been  equipped  witil  water-tube  boilers,  which  have  proved  to  be  qoite 
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as  reliable  as  the  light  engines*  used  in  these  boats,  and  by  making  the 
attainment  of  higher  speeds  possible  have  added  to  their  efficiency  and 
security. 

The  water-tube  boilers  in  the  Monterey,  the  Nashville^  the  Marieifa,  the 
AnnafoliSf  and  the  Chicago,  of  different  designs,  have  come  successfully 
through  a  [number  of  trials — the  Monterey  having  made  a  voyage  of  about 
8,000  knots,  largely  under  forced  combustion,  and  whenever  possible  with  all 
boilers  in  use,  and  the  Marietta  having  made  a  trip  round  South  America,  with 
marked  success  in  the  performance  of  these  boilers. 

The  re-tubing  of  these  boilers  has  been  accomplished  on  board  by  the 
engineering  staff  of  the  vessel,  without  the  necessity  of  laying  up  the  ship  at  a 
navy  yard,  and  the  parts  of  new  boilers  have  been  assembled  and  erected  in 
position  without  disturbing  the  decks.  In  the  case  of  vessels  having  protective 
decks,  the  latter  is  a  result  of  enormous  importance,  and  one  impossible  with 
cylindrical  boilers. 

Particular  attention  must  be  given  to  the  feed  arrangements  with  water- 
tube  boilers — the  feed  pumps  must  be  ample  and  the  regulation  easy.  The 
heating  surface,  which  was  at  first  8  square  feet  per  H.P.,  as  against  2  square 
feet,  necessary  with  cylindrical  boilers,  is  now  2*4  square  feet.  The  ratio  of 
heating  to  grate  surface  is  kept  up  to  40,  the  grates  being  larger  than  those  of 
cylindrical  boilers.  The  increased  grate  surface  obtained  with  water-tube 
boilers  is  an  improvement,  giving  power  of  sustained  sea  speed.  No  trouble 
has  been  experienced  from  salt  water  or  grease  in  these  boilers,  but  in  the 
short  naval  war  with  Spain  the  U.S.  war  vessels  suffered  severely  from 
dropped  furnaces  in  cylindrical  boilers.  With  regard  to  the  accidents 
and  failures  reported  against  water-tube  boilers,  the  author  remarks  that  we 
hear  of  all  the  failures  but  the  successes  are  never  mentioned.  He  considers 
that  the  experience  of  the  last  ten  years  or  more  in  the  U.S.  and  other 
navies  proves  that  water-tube  boilers,  when  proper  precautions  are  used,  can 
be  successfully  adopted  for  the  steam-generating  plant  of  ocean-going 
vessels.  A  number  of  warships  are  being  fitted  with  water-tube  boilers. 
The  paper  concludes  with  a  summary  of  the  advantages  and  disadvantages  of 
these  boilers  which  have  been  discussed.  K.  J.  R. 

70S, ,  Accidents  to  Water-tube  Boilers  and  their  Remedies.  A.  Ravier. 
(Ed.  Electr.  21.  pp.  427-429,  Dec.  1«,  1899.  Paper  read  before  the  Assoc 
Fran^aise,  at  Boulogne.) — The  causes  of  accidents  to  water-tube  boilers  have 
been  classified,  according  to  the  following  table,  from  statistics  collected 
(in  France)  for  the  years  1890-1897.  In  this  table  K  indicates  that  the  cause  .. 
was  exclusive,  and  C  that  it  was  combined  with  some  other  cause. 

I.  Splitting  of  the  tubes.  E  C  -i 

1.  From  formation  of  scale  in  the  tubes  8  9  1 

2.  „      abnormal  fall  of  the  water-level 12  1  ■    ^ 

S.      „      worn-out  tubes  4  2 

4.  „      defective  manufacture *S  8 

5.  „      muddy  deposits  due  to  bad  circulation...      5  1 

6.  „      forcing  the  boiler 2  4 

Total  of  accidents  from  known  causes 84        20' 

7.  „      unknown  causes 8 

JJ.  Other  accidents 11 

'  Ten  of  these  with  rupture  of  the  tubes. 
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Out  of  78  accidents,  52  were  due  to  rupture  of  the  tubes,  and  in  the  case  of 
48  of  these  the  exact  positions  of  the  tubes  in  the  boilers  were  as  follows : — 

Tubes  in  the  bottom  rows  17 

second  and  third  rows  from  the  botttoin...  6 

intermediate  rows 18 

„           top  rows 7 

48 

To  prevent  scale,  the  only  sure  method  is  to  have  pure  water.  Otherwise 
an  active  circulation  must  be  maintained  in  the  tubes  immediately  over  the 
tire  (which  tubes  should  not  be  less  than  2  inches  in  diameter) ;  the  feed 
>hould  be  delivered  in  the  steam  space  ;  all  grease  should  be  separated  from 
the  condensed  steam,  and  the  boiler  should  be  frequently  cleaned. 

Tlie  boiler  may  be  emptied  for  cleaning  either  when  hot  and  under  steam 
prc5»surc  or  when  nearly  cold.  The  first  method  is  the  more  rapid,  but 
frequently  causes  hard  deposits  which  must  be  removed  by  hammer  and 
chisel  at  the  risk  of  damage  to  the  boiler.  The  second,  though  slower,  gives 
ris<c  to  muddy  deposits  which  are  easily  washed  out,  and  therefore  it  is 
recommended. 

Attentive  supervision  is  the  remedy  for  lowering  of  the  water-level,  and 
the  u-ear  of  the  tubes  can  be  greatly  prevented  by  having  them  made  of  nickel 
steel,  containing  25  per  cent  of  nickel. 

In  order  to  confine  the  effects  of  ruptured  tubes  to  the  smallest  possible 
limits,  an  automatic  tube  stopper  has  been  designed  by  A.  Janet  for  horizontal 
tobes,  which  remains  at  an  angle  permitting  the  proper  action  of  circulation 
in  the  boiler  as  long  as  the  currents  are  flowing  in  the  normal  directions,  but 
is  quickly  forced  up  into  the  mouth  of  the  tube  when  there  is  a  rush  of  water 
towards  a  leak.  The  pressure  in  the  boiler  then  holds  the  stopper  in  position, 
and  the  escape  of  water  and  steam  is  prevented.  F.  J.  R. 

704.  Influence  of  Velocity  on  Evaporation  in  Tubes.  G.  Halliday. 
( Engineer,  88.  p.  668,  Etec.  29, 1899.  Paper  read  before  the  Institute  of  Marine 
Ejigineers.)  This  is  the  author's  second  paper  on  the  heat-absorbing  power 
of  vjater  in  motion.  In  his  first  one  (Engineer,  87.  p.  478.  See  1900,  Abstract 
So,  88),  he  showed,  generally,  that  up  to  a  certain  point,  when  the  source  of 
heat  is  kept  constant,  and  the  difference  of  temperature  between  the  out- 
flowing hot  and  the  inflowing  cold  water  is  about  150°  F.,  the  number  of 
thermal  unit:>  which  the  water  absorbs  per  minute  increases  steadily  with  the 
speed  of  flow.  This  effect  is  not  greatly  altered  even  when  the  water  is  heated 
up  to  boiling-point,  but  the  rate  of  absorption  is  less  at  that  point  than  at  10° 
below  it.  With  the  apparatus  then  used,  in  which  superheated  steam  was  caused 
to  heat  the  water  flowing  through  a  spiral  glass  tube  immersed  in  the  steam, 
there  seemed  to  be  a  critical  point  in  the  velocity  beyond  which  the  thermal 
absorption  fell  away,  sometimes  very  rapidly.  That,  however,  was  due  to  the 
heating  powers  of  the  apparatus  being  too  limited  to  cope  with  the  require- 
ments of  the  water  at  the  higher  velocities  employed. 

In  the  present  paper  the  author  records  experiments  made  with  modified 
apparatos  to  test  the  rate  of  heat  transmission  with  water  which  is  freely 
giving  o£E  steam  and  is  also  made  to  flow  through  the  apparatus  at  increasing 
The  former  experiments  stopped  at  the  boUing-point,  so  thai  t\v& 
of  a  uiixt«e  of  steam  and  water  was  not  present  in  them.    In  tYxis  ne^ 
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series  the  water,  previously  heated  to  boiling-point  in  a  tank,  is  made  to  flow 
upwards  through  a  vertical  copper  tube  heated  by  a  Fletcher  gas  burner,  the 
mixture  of  steam  and  water  passing  into  a  separator,  from  which  the  water 
goes  to  a  measuring  flask  and  the  steam  through  a  condenser  to  a  graduated 
measure.  The  velocity  of  the  water  flowing  through  the  heated  tube,  and  the 
quantity  of  water  evaporated,  arc  expressed  in  cubic  centimetres  per  4 
minutes — each  experiment  having  been  continued  for  that  period.  With  a 
moderate  flame  at  the  Fletcher  burner,  kept  constant,  and  varying  rates  of 
flow  of  water,  the  following  are  some  results  : — 

Velocity  of  Water.  Evaporation. 

54i  c.c.  per  4  minutes    24^^ 

93  „  „  23* 

122  „  „  22 

378  „  , 18 

575  „  ,,  15 

664  „  „  14 

762  „  „  12 

The  character  of  the  curves  formed  by  plotting  the  results  in  various 
instances  is  practically  the  same,  a  larger  amount  of  heat  merely  forming  a 
curve  at  a  higher  level.  The  author  observes  that  (with  the  small  tube  used  in 
these  experiments),  a  velocity  which  gives  an  evaporation  about  equal  to  the 
quantity  not  evaporated  seems  to  give  the  best  result. 

The  author  concludes  that  whilst  the  quantity  of  steam  evaporated  depends 
on  the  quantity  of  heat  supplied  to  the  tube,  and  on  the  velocity  of  the  water 
through  the  tube,  yet  the  greater  the  speed  of  the  water  through  the  tubes  of 
a  water-tube  boiler  the  less  will  be  the  evaporation.  '  F.  J.  R. 

705.  Corrosion  and  Cracks  in  Locomotive  Boilers.  Desgeans.  (Mech. 
Eng.  4.  pp.  731-735,  Nov.  18, 1899.  From  the  Revue  Generale  dcs  Chcmins  de 
Per  ;  also  the  Railroad  Gazette.) — The  author  gives  a  summarised  statement  of 
various  defects,  such  as  pitting,  grooving  and  cracks,  which  are  found  in 
locomotive  boilers  at  work,  and  lead  to  failure  of  the  boiler  or  necessitate 
repairs.  The  defects  are  ascribed  either  to  chemical  or  to  mechanical  action, 
or  to  a  combination  of  both,  without  entering  into  any  elaboration  of  the 
course  of  such  action,  except  to  a  small  extent  in  the  case  of  some  of  the 
mechanical  stresses.  Some  practical  observations  on  points  to  be  observed 
in  construction  and  working  conclude  the  paper.  F.  J.  R.     i 

706.  Gas  Engines.  J.  Dunlop.  (Mech.  Eng.  4.  pp.  739-742,  Nov.  18, 
and  pp.  766-768,  Nov.  25,  1899.)— This  paper,  read  before  the  Owens  College 
Engineering  Society  on  November  14, 1899,  gives  the  results  of  an  investigation 
of  the  troubles  experienced  with  a  large  gas  engine  of  the  high-speed  single* 
acting  type,  working  on  the  common  four-stroke,  or  "  Beau  dc  Rochas,** 
cycle.  The  usual  positions  of  the^  crank  are  shown  when  the  valves  are 
timed  to  open  and  close  ;  also  the  valve  setting  of  the  Crossley  scavenging" 
engine,  by  which  it  was  attempted  to  utilise  the  wave  action  of  the  exhaust  foi 
clearing  the  burnt  products  out  of  the  cylinder.  Here  the  air  and  exhansf 
valves  were  open  together  during  the  latter  part  of  the  exhaust  stroke,  an 
the  early  part  of  the  suction  stroke  until  the  exhaust  valve  was  closed  lab 
than  usual.    The  economy  effected  was  found  to  be  almost  entirely  due  ' 

an  increase  in   the  compression  pressure   of   the  engine,  and  not  to  tl 
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"  scavenging.**  A  Crossley  scavenging  engine  cylinder  ISJ  inches  in  diameter 
by  24  inches  stroke  was  required  to  develop  at  200  revolutions  per  minute  a 
maximum  of  102  B.H.P.  for  two  hours  on  Dowson  gas.  To  do  this  it  was 
necessary  to  maintain,  during  every  possible  power  stroke,  a  mean  pressure  of 
75  lbs.  per  square  inch.  The  engine  had  only  been  running  a  few  minutes  on 
trial  when  explosions  in  the  air  pipe  began  to  take  place  alternately  with 
bumping  noises  in  the  cylinder.  Indicator  diagrams,  as  shown  in  the  figure. 
were  taken  to  locate  these  troubles.  The  small  loop  above  the  atmospheric 
line  is  the  indication  of  an  explosion  in  the  air  pipe  during  the  suction  stroke. 
Consequently  during  the  next  power  stroke  A,  the  charge  of  burnt  gases  only 
smoulders  instead  of  burning  quickly.  Light  spring  diagrams  show  that  the 
explosions  in  the  air  pipe  took  place  at  all  parts  of  the  suction  stroke,  and 
that,  o^^ing  to  the  exhaust  valve  being  open  during  part  of  the  suction  stroke,  a 
portion  of  the  hot  smouldering  exhaust  products  was  drawn  into  the  cylinder. 
This  would  also  account  for  pre-ignition,  indicated  at  B,  which  produces  the 
knocking  in  the  cyhnder.      In  the  case  of  an  engine  having  an  ignition  timing 


i 


^-alve,  this  pre-ignition  is  mostly  caused  by  overheated  metal  in  the  cylinder 
igniting  the  charge  of  air  and  gas,  under  compression.  After  the  engine  had 
been  running  twenty  minutes,  explosions  in  the  air  pipe  and  pre-ignition  became 
ahnost  continuous,  and,  with  the  ordinary  ignition  apparatus  out  of  action, 
continued  for  a  time  to  ignite  the  charges  automatically.  Although  the  load 
wa.?>  eased  the  engine  pulled  up  at  the  end  of  about  half  an  hour,  when  the 
exhaust  valve  was  seen  to  be  a  dull  red  heat,  and  small  pieces  of  wood  laid  on 
the  top  of  the  valve  took  fire  immediately.  This  was  remedied  by  making  the 
exhaust  valve  hollow  for  cold-air  circulation  in  the  interior  of  the  valve. 
The  writer's  contention  is  that  in  this  scavenging  engine  the  valve-setting  was 
the  cause  of  nearly  all  the  trouble. 

When  a  run  was  made  with  the  normal  valve-setting,  the  engine  acted 
quite  satisfactorily.  The  mean  pressure  throughout  the  stroke  was  85  lbs.  per 
square  inch  with  coal  gas.  A  simple  and  reliable  scavenging  arrangement, 
Hke  that  in  the  Premier  gas  engine,  is  desirable,  especially  for  engines  using 
Dowson  or  similar  fuel  gas.  W.  R. 

707.  Standard  Automaiic  Gas  Engine.    (Amer.  Electn.  11.  pp.  578-579, 
Dec,  1899.) — ^The  novel  feature  of  the  Raymond  horizontil  gas  engine  is  the 
valve  gear.    The  one  valve,  for  both   admission  and  exhaust,   is  a  hollow 
cfiader  ai  cast  iron,  chilled  and  ground.     As  it  rotates  in  the  valve  chest  a 
poit  ooanects  the  interior  of  the  valve — which  is  open  to  the  cylinder — 
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alternately  with  the  admission  and.  exhaust  chambers.  Ignition  is  electrical  by 
wiping  spark  between  wide  tool-steel  electrodes,  and  the  moving  contact  simply 
rotates  with  the  valve.  Governing  is  by  varying  the  quantity  of  the  charge, 
which  is  throttled  by  one  plain  balanced  butterfly  valve.  The  proportions 
of  the  mixture  are  determined  by  valves  in  the  air  and  gas  pipes.  Small 
engines  are  of  the  ordinary  single-acting  form  on  the  Beau  de  Rochas,  or 
four-stroke  cycle.  Sizes  of  60  H.P.  and  upward  have  two  tandem  single- 
acting  cylinders,  with  the  compression  stroke  in  one  following  the  expansion 
stroke  in  the  other,  giving  one  impulse  every  revolution.  One  long  piston-rod 
runs  through  the  ends  of  both  cylinders,  with  non-inflammable  packing,  and 
is  made  hollow  for  the  circulation  of  cooling  water. 

The  large  engine  has  two  double-acting  cylinders  in  tandem  on  one  piston- 
rod  with  outside  cross-head  of  steam  engine  construction  (like  the  tandem 
Griffin  double-acting  engines  at  Belfast  electric  lighting  station).  The  piston- 
rod  is  made  of  nickel  steel,  drawn  with  the  hole  for  cooling  water,  which  also 
passes  through  the  inside  of  the  pistons.  One  horizontal  shaft  turns  the  four 
hollow  cylinder  valves  for  the  four  ends  of  the  engine  cylinders.  The  engine 
is  started  by  igniting  a  charge  of  very  slowly  burning  powder,  also  by 
compressed  air  or  steam  supply.  This  engine  is  rated  at  200  H.P.  on  the 
basis  of  a  mean  effective  pressure  of  82  lbs.  per  square  inch,  although  higher 
pressures  may  be  obtained,  and  the  engine  is  guaranteed  to  develop 
300  B.H.P.  on  3,000  cubic  feet  of  natural  gasper  hour,  giving  900 B.Th.U.  per 
cubic  foot.  Two  pairs  of  such  tandem  engines  coupled  two  together  with 
cranks  at  90°,  with  4  impulses  per  revolution,  are  about  to  be  direct  coupled 
to  a  three-phase  60-cycle  alternator  mounted  between  the  cranks.  These 
alternators  will  be  run  in  parallel,  and  with  rotary  converters.  W.  R. 

708.  Gas-Engme  Guarantees,  \V.  T.  Magruder.  (Indus,  and  Iron,  27. 
pp.  411-412,  Dec.  22,  1899.  Abstract  of  paper  presented  at  the  first  annual 
meeting  of  the  National  Association  of  Gas  and  Gasoline  Engine  Manufacturers 
of  the  United  States.) — Power. — Some  gas  engine  catalogues  fail  to  distinguish 
between  nominal,  indicated,  and  actual  horse-powers.  The  variation  in 
indicator  diagrams,  from  a  gas  engine  having  either  a  throttling  or  hit-and- 
miss  governor  and  a  load  which  varies,  prevents  greater  accuracy  than  90  to 
95  per  cent,  in  the  measurement  of  the  indicated  H.P.  The  continuous  indi- 
cator is  not  yet  a  practical  success. 

The  friction  of  the  engine  may  use  up  10  to  85  per  cent,  of  the  work  done 
on  the  piston.  The  chief  value  of  the  ordinary  gas-engine  indicator  is  to  show 
faulty  setting  of  valves,  excessive  back  pressure  of  exhaust,  and  obstruction  in 
gas  and  air  inlets.  Engines  should  be  sold  by  the  actual  power  delivered 
at  the  belt  pulley  or  crank-shaft,  which  can  be  easily  measured  by  a  brake. 

The  accurate  regulation  of  speed  of  gas  engines  is  necessitated  by  the  effects 
on  electric  lamps,  and  the  fluctuation  is  reduced  by  the  kinetic  energy  of 
heavy  fly-wheels.  Guarantees  are  given  in  catalogues  of  gas-engine  makers 
of  the  variation  of  speed  being  only  1  and  IJ  per  cent.,  while  one  claims  to  run 
his  engine  at  "an  absolutely  uniform  speed,  which  may  be  varied  instantly 
from  50  to  600  revolutions  per  minute  ;  "  but  the  writer  has  never  seen  any  li 
steam  engine  which  regulated  as  badly  as  some  gas  engines.  i 

It  is  essential  in  making  guarantees  as  to  cost  of  running  not  only  to  know 
the  cost  per  cubic  foot  of  gas  or  per  gallon  of  oil,  but  also  the  calorific  N'alue 
of  that  fuel  per  cubic  foot,  per*  lb.  or  per  gallon,  at  standard  temperature  an^ 
pressure,  knowing  the  specific  gravity,  as  well  as  other  physical  properties  o 
iJjc  fuel. 


I 


STEAM  PLANT,  GAS  AND  OIL  ENGINES.  271 

Consumption  of  fuel  will  vary  with  the  calorific  value,  and  the  best  pro- 
portion of  air,  also  with  the  size  of  air  valves,  passa/^es,  and  pipes.  Other 
things  being  equal,  the  volume  of  gas  used  will  vary  with  the  pressure  and 
temperature  of  both  the  gas  and  air.  A  gas  engine  should  be  guaranteed  to 
give  a  H.P.  on  a  given  number  of  heat  units  with  a  given  fuel.  The 
day  has  passed  when  gas-engine  guarantees  can  be  made,  accepted,  and  paid 
for,  on  "so  many  feet  of  gas  per  H.P.,"  and  nothing  more.  W.  R. 

709.  High-Furnace  Gases  for  Power.  B.  Donkin.  (Engineer,  88.  pp. 
500-510,  Nov.  24  ;  561-562,  Dec.  8 ;  588-590.  Dec.  15,  1899.)— These  articles 
give  a  description  and  general  plans  of  some  large  gas  engines  adapted  to  use 
high-furnace  gases.  The  Oechelhaueser  gas  engine,  with  two  pistons  working 
in  opposite  directions  in  one  cylinder,  is  similar  to  the  Atkinson  "  Differential." 
At  the  Horde  Ironworks  in  Westphalia  a  600  H.P.  Oechelhaueser  motor, 
made  by  the  Deutsche-Kraft  Gesselschaft,  consists  of  two  single-cylinder 
eni^incs  each  of  800  H.P.  at  185  r.p.m.  Each  cylinder  is  19  inches  diameter,  and 
31*5  inches  stroke  with  pistons.  A  1,000  H.P.  engine  of  this  type,  with  two 
c>'linders  and  four  pistons,  is  being  erected  at  Fishershiitte,  near  Hanover. 

The  Simplex  engine  of  Delamare-Deboutteville  and  Malandin   to  work 

with   high-furnace  gas  is  made  by   the  Societe  Cockerill,  at    Seraing,  in 

Belgium  (see  Revue  Universelle  des  Mines y  vol.  43,  3rd  series,  p.  118, 1898).     In 

December,  1895,  a  4  H.P.  experimental  engine  was  started  with  these  waste 

gases,  and  was  improved  to  develop  8  H  .P.    A  200  H.P.  single  cylinder  simplex 

engine  was  built  in  1897 ;  and  tested  by  Witz  on  a  twenty-four  hours*  run 

with  blast-furnace  gases    in    July,  1898.      The   cylinder   was    31*5    inches 

diameter,  stroke  8'28  feet,  and  at  105  r.p.m.  gave  181  B.H.P.  (French)  with 

mechanical  efficiency  85  per  cent.     The  mean  consumption  was  117'5  cubic 

feet  per  B.H.P.  hour,  and  the  calorific  value  of  the  gas  was  110  B.Th.U.  per 

cubic  foot.    The  gases  are  induced  from  the  top  of  the  furnaces  by  a  Koerting 

steam-jet  and  further  washed  in  scrubbers  to  remove  part  of  the  dust  ;  and 

the  charge  is  compressed  in  the  engine  cylinder  to  8  atmospheres  before 

ignition  by  electric  spark.     Two  or  tliree  grammes  of  metallic  dust  per  cubic 

meter  of  gas  arc  carried  into  the  cylinder  and  pass  out  with  the  exhaust, 

equal  to  88  lbs.  daily  for  the  200  H.P.  engine,  which   has  been  working 

^atisfacto^ily  for  eighteen  months.     For  simplex  engines,  each  of  550  B.H.P. 

ha\'ing  single  cylinder  of  diameter  4  ft.  3  in.,  stroke  4  ft.  7  in.,  with  Riedler 

valves,  are  l>eing  constructed  to  drive  the  blowers  direct. 

In  Germany  the  Gas  Motoren  Fabrik,  Deutz,  make  ordinary  Otto  cycle 
engines  of  two  cylinders,  on  opposite  sides  of  crank,  up  to  about  250  B.H.P 
per  cylinder — thus  a  500  H.P.  plant,  has  two  and  a  1,000  H.P.  four  cylinders. 
At  Oberhauscn  the  furnace  gases  are  cleaned  by  passing  through  three  coke 
scrubbers  and  four  purifiers  with  small  coke,  but  no  water  is  used.  In  October, 
1898,  Meyer  tested  a  60  H.P.  Otto  motor  driven  with  high -furnace  gas  (see 
particulars  in  Zeitschrift  des  Vercines  deutscher  Ingenieure  vol.  48,  No.  16,  p. 
453).  The  engine  indicated  795  H.P.  and  the  B.H.P.  was  65'3  with  a 
coasumption  of  96*7  cubic  feet  of  gas  B.H.P.  hour.  The  heating  value  of  the 
gas  in  the  colorimeter  was  105  B.Th.U.  per  cubic  foot,  and  the  heat  turned 
aito  indicated  work  80-2  per  cent.  These  results  are  better  than  those 
obtained  in  ordinary  practice.  In  England  the  work  done  hitherto  with  high- 
tomace  gases  has  been  chiefly  experimental.  At  the  Glasgow  Ironworks, 
Ulshaw,  a  30  H.P.  Acme  gas  engine,  started  in  1895,  and  the  consumption 
is  95  cubic  feet  of  high-furnace  gas  per  B.  H  .P.  hour.  The  furnace  is  fed  with 
Scotch  ^lint  coal,  and  the  waste  gases  have  a  heating  value  of  98  B.Th.U, 
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per  cubic  foot.  The  engine,  tested  by  Booth  while  driving  a  dynamo,  gave 
1  E.H.P.  hour  per  l^  lb.  of  coal  fed  into  the  furnace,  and  consumed  about 
140  cubic  feet  of  gas  per  E.H.P.  hour.  A  plant  of  160  H.P.  has  been  working 
at  Barrow-in-Furness. 

Plans  are  given  of  a  530  H.P.  two  cylinder  motor,  built  by  Crossley  for 
producer  gas;  also  of  a  260  B.H.P.  Stockport  gas  engine  to  work  with  coke- 
oven  gas;  and  of  a  Premier  single  cylinder  gas  engine  of  250  B.H.P.,  the 
first  large  power  engine  built  to  utilise  high-furnace  gases  in  England.  (See 
1900,  Abstract  No.  297  ;  also  in  1898,  Nos.  991,  992,  and  993.)  W.  R. 
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Sherrin  Accumulator,  (Elect.  Engin.  24.  pp.  724-725,  Dec.  8,  1899.) 
— Illustrations  are  given  showing  the  arrangement  of  this  cell  and  the  con- 
struction of  its  electrodes,  but  no  definite  particulars  are  supplied  of  its 
electrical  capabilities.  E.  J.  W. 


\.  Majcri  Accumulator.  A.  Wilke.  (P2lcktrotcchn.  Ztschr.  20. 
pp.  78S-786,  Nov.  9,  1899.) — The  chief  feature  of  this  accumulator,  which 
is  constructed  by  the  Akkumulatorenwerk  Obcrspree  Company,  lies  in  the 
construction  of  the  positive  plate,  to  a  description  of  which  the  greater  part 
of  the  paper  is  devoted.  The  negative  plate  is  of  the  Faure  type,  and  is 
noAc  in  two  forms,  intended  for  stationary  and  travelling  batteries  rcspec- 
tii'elv-  The  positive  is  a  deeply  chamfered  or  grooved  plate  of  rolled  lead, 
and  is  "  formed  "  without  a  previous  coating  of  oxide  being  given.  Diagrams 
of  this  plate,  and  of  the  machinery  specially  devised  for  its  construction,  are 
given  in  the  paper,  as  also  is  a  tabje  of  the  weight,  capacity  for  different 
s  of  discharge,  &c.,  of  the  various  forms  of  the  cell.  N.  L. 


r.  Hartmann  and  Braun  Electricity-Meier.    Qdrner.     (Elektrotechn. 
Ztschr.  20.  pp.  878-879,  Dec.  14,  1899.  "  Report  read  before  the  Elektro- 
technische  Verein  Mannheim- Ludwigshaf en,  Oct.  25,  1899.) — This  meter  is 
due  to  Bruger,  and  is  one  of  the  kind  in  which  a  rotary  magnetic  field  is 
produced  by  the  mutual  action  of  two  alternating  lields  arranged  at  an  angle 
of  Str  to  each  other,  and  having  a  similar  difference  of  phase.     The  field- 
magnet  is  E-shaped,  of  laminated  iron,  with  two  diametrically  opposite  pole- 
piecci  excited  by  shunt  coils,  and  an  inner  one,  at  90"  thereto,  excited  by  a 
^erie^  coil.    In  the  space  between  these  three  pole-pieces  turns  an  aluminium 
dram  over  a  stationary  iron  core  which  almost  short-<iircuits  the  magnetic 
Qcld.     The  drum-arbor  bears  a  damping-disc  rotating  between  the  poles  of 
pcnnanent  magnets.    The  difference  of  phase  is  produced  by  a  transformer 
said  a  regulating  resistance.    The  original  paper  is  accompanied  by  a  photo- 
graph of  the  instrument,  and  contains  a  very  full  discussion  of  the  theory  of 
its  action.  C.  K.  F. 

725.  T^sts  of  the  Batauli  Energy  Meter  for  Alternating  Current  Cin  nits.  C. 
E.  Otsye.  (Eel.  Electr.  21.  pp.  290-295,  Nov.  25,  1899.)— A  first  series  of  tests 
id  this  meter  was  taken  with  a  view  to  verifying  the  law  of  proportionality 
for  \'arious  loads.  The  percentage  errors  from  mean  value  were  as  follows  : 
For  1  lamp,  -h  0*56  ;  for  2  lamps,  —  0*25  ;  for  5  lamps,  -h  0*22 ;  for  10  lamps, 
— CH>9  ;  for  15  lamps,  —  0*25  (120  volts,  50  periods).  Tests  are  also  given  for  in- 
ductive loads.  The  meter  is  simple  and  not  subject  to  derangement.   \V.  G.  R. 

726.  Maximum  Demand  Indicators.  L.  J.  Steele.  (Elect.  Rev.  46. 
pp.  4-6,  Jan.  6,  1900.)— This  is  a  full  description  of  the  Halsey  maximum- 
dm&iid  indicator,  the  principle  of  which  is  as  follows :  The  rotating  part 
«f  tke  supply  meter  drives  the  brake  portion  through  the  medium  of  a 
iczibfte  spring  coupling  in  the  spindle,  which  is  severed  at  that  point ;  a 
pni  and  ratchet  serves  to  prevent  relaxation  of  the  spring  coupling  aud 
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a  viscous  material  is  employed  at  the  junction  of  the  two  shafts  to  act  as  a 
retarding  agent  and  to  permit  of  sluggish  action.  The  angular  displacement 
of  the  armature,  relatively  to  the  brake  disc,  is  shown  by  a  pointer  fixed  to 
the  upper  half  of  the  spindle.  The  device  is  virtually  a  recording  trans- 
mission dynamometer.  It  is  compared  in  detail  with  the  Wright  maximum 
demand  indicator,  and  also  with  an  arrangement,  very  similar  to  itself, 
described  by  Wilson  in  a  paper  read  before  the  Northern  Society  of 
Electrical  Engineers,  March  8,  1897.  E.  D.  P. 

727.  Insulation  of  Bare  Conductor  Resting  on  a  Glacier,  J.  Janssen. 
(Comptes  Rendus,  129.  pp.  998-996,  Dec.  11,  1899.)— This  note  is  a  record 
of  some  experiments  carried  out  by  Lespieau  and  Cauro  on  the  behaviour 
of  a  bare  wire  of  galvanised  iron  which  is  allowed  to  rest  on  the  surface  of 
a  glacier.  The  wires  used  were  each  about  1,700  metres  long,  8  mm.  in 
diameter,  and  were  kept  5  metres  apart.  The  result  of  the  experiments  is 
to  show  that  the  wires  may,  for  all  practical  purposes,  be  considered  as 
perfectly  insulated.  A.  H. 

728.  Substitute  for  India  rubber,  W.  F.  Reid.  (Soc.  Chem.  Ind.,  Journ. 
18.  pp.  972-976.  Discussion,  pp.  976-977,  Nov.,  1899.)— A  short  account  is 
given  of  the  world's  production  of  indiarubber  and  guttapercha.  The  com- 
position and  properties  of  an  artificial  substitute  ("  velvril ")  are  described. 
This  consists  of  nitrated  castor  or  linseed  oil  mixed  into  a  homogeneous  mass 
with  nitrocellulose.  It  burns  slowly,  and  is  not  explosive.  The  hardness 
can  be  varied  with  the  composition.  This  material  is  more  stable  than 
either  indiarubber  or  guttapercha.  Details  of  its  specific  insulation  or  ■ 
dielectric  strength  are  not  given.  It  can  be  applied  to  wire  either  as  tape  or  jj 
through  a  covering  press.  Its  use  for  machine  belting,  hosing,  cementing,  j 
varnishing,  and  for  various  special  processes  was  described.  A  discussion 
followed.  L.  B. 

729.  Cable  Core  Design,     F.  Breisig.    (Elcktrotechn.  Ztschr.  20.  pp.  842- 
846,  Nov.  80,  1899.    Communication  from  the  Kaiserl.  Telegraphen-Versuch- 
samt.) — Various  types  of  core  are  compared  with  regard  to  the  "  speed  "  at 
which  legible  signals  can  be  transmitted  through  them.    It  is  assumed  that 
resistance  and  capacity  cannot  be  reduced  without  increase  of  cost,  and  that 
a  possible  way  to  improve  transmission  is  to  introduce  self-induction  into  the 
core,  either  by  one  of  the  various  devices  suggested  by  S.  P.  Thompson,  or  by 
combining  iron  wires  or  iron  tape  with  the  copper  conductor.    The  lengths 
experimented  upon  were  comparatively  short — not  exceeding  500  metre*. 
The  conductors  in  each  case  were  insulated  with  three  coats  of  guttapercha, 
sometimes  sheathed  with  steel  wires.     Alternating  currents  of  known  perio-  *J 
dicity  and  of  simple  sine  form  were  used  to  represent  the  working  conditions 
of  telegraphy ;  it  is,  however,  pointed  out  that  the  sine  form  does  not  accu* 
rately  correspond  to  the  impulses  transmitted  through  cables.    Calculations 
of  the  self-induction  are  based  upon  the  measurement  of  the  alternating  volts 
between  the  ends  of  the  core  and  the  corresponding  alternating  current  in"' 
the  conductor.    Volts  are  measured  by  a  compensation  method  {Ibid,  p.  448 
1891) ;  current  is  measured  similarly,  using  either  a  telephone  or  an  electro 
dynamometer.    The  telephone  is  for  this  purpose  extremely  sensitive  ft 
280  ryj  and  upwards.    For  lower  frequencies  the  electrodynamometer  give 
the  best  results ;  it  is  of  service  even  down  to  50  f>j  .     But  since  the  xer         * 
reading  of  the  electrodynamometer  does  not,  under  the  circumstances  of 
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"  compeosation "  method,  correspond  to  a  unique  relationship  between  Ihe 
currents  in  its  respective  coils,  its  indications  must  be  interpreted  with  caution. 
Zero  may  either  mean  no  current  or  90^  phase  difference.  As  a  criterion,  a 
M:lf-indiiction  bobbin  connected  in  series  with  the  fixed  coil  and  provided 
with  a  short-circuiting  key  is  employed.  The  first  results  relate  to  the 
measurement  of  the  capacities  of  the  cables  at  different  frequencies.  As  the 
frequency  increases  from  about  270  r\J  to  about  5S0  no  ,  the  capacity  appears 
to  v:^ry  sc.mcthing  like  2'5  per  cent.,  sometimes  an  increa.se,  and  sometimes  a 
decrease,  according  to  the  type  of  conductor.  Similar  results  are  obtained  for 
ihc  impedances  and  the  apparent  resistances  of  the  cores  at  different  frequen- 
cies :  at  frequencies  from  Wi  nj  to  427  '\j  the  apparent  resistances  are 
approximately  three  times  the  ohmic  resistances.  The  measurements  relate 
il)  to  a  core  whose  conductor  consists  of  a  round  copper  wire  2-8  mm. 
diameter  covered  spirally  with  four  iron  strips  in  one  layer  to  4'46  mm. 
diameter,  in^iulated  lo  U'59  mm.,  the  whole  being  sheathed  with  steel  wires  : 
(he  -^^  If -induction,  as  measured,  =0-00870  per  km. ;  and  (2)  lo  a  core  whose 
i-onduclor  con>ists  of  a  central  round  copper  wire  8-10  mm.  diameter, 
>:randed  with  nine  copper  wires  and  three  iron  wires,  each  0-8  mm.  diameter, 
i.7>ulated  to  ll'T6  mm.,  and  sheathed  with  steel  wires  :  the  self-induction,  as 
mcu>ured,  ^0*00263  per  km.  In  another  case  (8)  a  central  copper  wire 
■Jit  mni.  diameter  is  stranded  with  ten  copper  wires  each  1-0  mm.  diameter, 
n-ulaitd  to  11-66  mm.  :md  sheathed  with  steel  wires:  the  self-induction,  as 
i;;ea>iircd.  =  00285  per  km.  The  self-induction  of  (1)  is  thus  1-57  times  that 
jt  .»,.  The  capacities  of  (1).  (2),  and  (8)  are  respectively  0-221,  0-286,  and 
Kr-li-i  nifds.  per  km.  The  resistances  arc  respectively  1124, 1-112,  and  1125 
rjhm*.  Thtsc  figures  show  thai,  in  order  to  keep  the  resistance  approximately 
riiu  same,  the  diameter  of  the  conductor  has  been  increased  in  the  case  of  the 
-T.-jnd-^  containing  iron,  with  consequent  increase  of  capacity.  Taking  these 
i*cior>  into  con^ideration,  the  maximum  increase  of  "speed"  due  to  the  iron 
in  ihc  ritrand.  as^uming  a  true  sine-form  current,  is  estimated  at  8  per  cent. 
The  author  therefore  cxincliides  that  it  is  impracticable  by  any  self -inductive 
.".^vitf  t-ffectivelj-  lo  improve  the  speed  of  signalling,  R.  .\- 

730.  Supf-leituiiti  lo  Riiilu-ay  SignalUn};.  (Klect.  Kcv.  45.  pp.  1061-1003, 
Dcv.  29.  1H99.)— This  is  an  illustrated  description  of  Bricrley's  Signalling 
Appur:itus,  which  can  be  used  during  fogs  when  the  ordinary  signals  cannot 
he  j**n.  The  system  is  one  which  depends  on  the  mov-ement  of  normally 
VoUiiced  lovers,  fixed  on  the  engine,  by  impact  with  obstructions  placed  on 
'..-M.-  side  oi  the  line  ;  this  j^ves  rise  to  appropriate  indications,  on  the  engine 
it-^li.  of  the  positions  of  the  ordinary  signals.  The  movement  of  the  levers 
>  made  to  cl<i>e  electrical  circuits  on  the  engine,  and  the  indications  are  given 
rv  the  ringing  of  an  electric  bell  and  the  appearance  of  discs,  which  convey 
:'[.e  intorm^ition  desired.  W,  G,  R. 

731,  Syiiihronising  Phas4  Indicators.  Vf.  Ritter.  (Elektrotechn.  Ztschr, 
2L  pp.  7-10,  Jan.  4,  1900.) — The  author  gives  a  detail^  account  of  various 
ir:ajjgt; merits  for  paralleling  three-phase  generators,  whereby  it  becomes 
pus~ible  to  tind  out  whether  the  speed  of  an  incoming  machine  is  too  low  or 
'  'jxi  high,  and  lo  ascertain  the  phase  relation  when  the  speed  of  synchronism 
im  b«4:n  reached.  The  principles  underlving  these  methods  have  already 
ben  DOtic«d  in  AbstracU  Nos.  092  and  1774  (1899).  A.  H. 

R.  T.  E.  Lozier.    (Cassier,  17.  pp. 
>  obtained  bv  Ihe  facilitv  wiUi  v.'h\ch 
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the  men  can  adjust  the  tool  speeds  without  changing  pulleys,  the  result  being 
that  the  best  speed  is  adopted  and  not  any  speed  that  is  good  enough. 
Absence  of  belts  is  sanitary.  Power  is  saved  by  avoiding  slip  and  counter- 
shafts. Time  is  saved  by  arranging  the  machines  regardless  of  alignment  in 
the  order  taken  by  the  work.  M.  O'G. 

733.  Electric  Drawbridge.  W.  S.  Key.  (Elect.  World  and  Engineer, 
34.  pp.  969-970,  Dec.  28,  1899.)— The  bridge  and  approaches  over  the  Charles 
River,  Boston,  are  1,920  feet  long,  of  which  1,090  feet  is  over  water.  The 
width  of  the  bridge  is  100  feet,  and  consists  of  two  roadways,  one  above  the 
other,  allowing  four  car  tracks  in  pairs.  The  draw  span  is  260  feet,  and  rests 
on  a  central  pier,  giving  free  passage  for  vessels  50  feet  wide.  The  air  and 
hydraulic  pumps  are  worked  electrically.  The  draw  is  opened  by  two 
28  H.P.  motors,  and  is  operated  about  twelve  times  every  twenty-four 
hours.  '  M.  OG. 

734.  Electrical  Operation  of  Watertight  BiiWiead  Doors.  R.  M.  Watt. 
(Elect.  World  and  Engineer,  84.  pp.  895-896,  Dec.  9, 1899.  Paper  read  before 
the  Society  of  Naval  Architects  and  Marine  Engineers.) — The  system  devised 
by  F.  T.  Bowles  is  described.  Each  door  is  provided  with  a  separate  motor 
and  power  circuit,  and  can  be  independently  operated  by  hand.  The  door  is 
of  steel  plate  riveted  to  a  frame  which  slides  in  guides  ;  the  surfaces  nearest 
the  bulkhead  are  scraped  to  fit,  and  are  forced  together  by  wedges  in  the  last 
half-inch  travel.  A  bronze  rack  is  bolted  to  the  door,  gearing  through  a  pinion 
with  another  pinion  keyed  to  the  shaft  of  two  worm  wheels  ;  a  worm  driven 
by  a  motor  on  the  other  side  of  the  bulkhead  gears  with  one  of  the  wheels. 
The  motor  is  of  1  H.P.,  compound  wound.  A  switch  fixed  by  the  door  is  so 
arranged  that  the  door  may  be  opened  or  closed  from  either  side  of  the  bulk- 
liead,  or  closed  from  a  distant  station  ;  a  limit  switch  cut*  off  the  current 
when  the  door  reaches  either  of  its  extreme  positions.  Sprague  solenoid  gravity 
controllers  arc  also  provided  to  throw  in  either  the  scries  or  the  scries  shunt 
windings  of  the  motor.  To  open  or  close  the  door  by  hand  through  6  or 
12  inches  of  coal  requires  from  75  to  85  seconds  ;  these  operations  are  done 
electrically  in  8  to  9  seconds,  and  require  from  3  to  24i  amperes  at  115  volts. 
Signal  lamps  are  used  to  indicate  at  the  distant  station  when  the  door  is 
completely  closed  or  opened.  A.  H.  A. 

735.  Electrical  Machinery  in  the  UnittJ  Stales  Xaiy.    J.  J.  Woodward. 
(Elect.  World   and   Engineer,  34.  pp.  813-818,  Nov'.  25  ;   853-855,  Dec.  2  ; 
891-895,  Dec.  9,  1899.     Paper  read  before  the  Society  of  Naval  Architects 
and   Marine   Engineers). — This    paper   describes   in   detail,   with   numerous 
illustrations,  the  electrical  plant  installed  on  the  battleships  Kcarsarge  and 
Kentucky.  All  the  auxiliary  machinery  on  these  vessels,  except  that  connected 
with  the  main  engines,  is  thus  driven  ;  the  types  of  electrical  machinery  used 
are  developments  of  those  employed,  to  a  less  extent,  on  other  vessels.     Elec- 
trical  driving  is  being  applied  on  warships  building  for  a  foreign  nav'y  to  a 
still  greater  extent.     The  duties  performed  electrically  are  tabulated,  and  the 
generating  machinery,  which  consists  of  seven  50  kw.  dynamos  coupled  to 
vertical  compound  high-speed  engines,  is  described  in  detail.   Shaft  governor 
and  forced  lubrication  are  employed.    The  main  switchboard  is  arranged  fo 
a  three-wire  system  with  160  volts  between  the  outers,  with  separate  'busbar 
for  lighting,  power,  and  working  the  turrets.    An  equaliser  board  is  provide 
for  running  the  dynamos  compound-wound  in  parallel.    The  arrangement  \ 
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distributiDg  boards,  both  for  power  and  lighting,  and  of  the  circuits,  which 
arc  divided  into  "battle"  and  "normal,"  arc  described;  a  mixture  of  insu- 
lator, conduit,  and  wood-casing  work  is  used  for  installing  the  conductors, 
according  to  their  situation. 

Three  types  of  motor  controller  are  used.   The  R  controller  is  for  reversing 
and  controlling  the  speed  by  the  rhcostatic  method.     The  B  controller  for 
hoi>ting  is  arranged  like  the  R  type  on  one  side,  but  instead  of  reversing  on 
the  other  side  it  connects  the  rheostat  across  the  mains  and  shunts  the  arma- 
ture to  a  larger  or  smaller  portion  of  it ;  the  effect  of  this  is  that  small  loads 
may  be  lifted  at  suitable  speeds,  or  the  arrangement  may  be  used  as  an 
electrical  brake  for  lowering.  The  P  controller  is  used  for  rotating  the  turrets 
on  the  Ward  Leonard  variable  voltage  system.     Each  turret  is  operated  by  a 
separate  generator,  the  field  of  which  is  varied  by  the  controller  ;  the  motor 
lield*^  arc  excited  at  constant  pressure,  so  that  the  speed  of  rotation  varies  as 
the  strength  of  the  generator  field,  with  constant  torque.     The  direction  of 
rotation  is  likewise  varied  according  to  the  polarity  of  the  generator  field  by 
the  controller,  which  also  provides  electrical  braking.     Two  50  H.P.  motors 
are  fixed  in  each  main  turret,  coupled  by  a  shaft,  and  driving  through  bevel 
and  worm   gear.     Controlling  panels  are  used  for   fan   motors  and  chain 
ammunition   hoists,   containing  shunt   rheostats   for   speed  regulation,   and 
automatic  safety  starting  switches.     Electrical  brakes  are  used  on  the  hoists. 
Kach  boat  crane  is  fitted  with  a  50  H.P.  motor,  and  can  lift  18,000  lbs.  at  25  feet 
per  minute,  with  two  motions,  hoisting  and  turning.     A  special  description  in 
detail   is  given  of  the  motors,  which  are  generally  shunt  wound,  and  run  at 
400  r.p.m.     All  but  the  fan  motors  are  of  the  enclosed  four-pole  type.     Other 
auxiliaries  are  described,  of  various  types.     Two  of  the  six  deck  winches  are 
provided   N*nth   two-speed  gears,  giving  a  lift  of  2,200  lbs.  at  800  feet   per 
minute,  or  18,000  lbs.  at  50  feet   per   minute.     Other  electrical  fittings  arc 
signalling  apparatus,  truck  lights,  diving  lanterns,  &c.  A.  H.  A. 

REFEREXXES. 

736.  Testing  Electric  Supply  Meters.    C.  A.  L.  Prusmann.    (Elect.  Engin.  23. 
pp.  38-40,  10-^105,  165-167,  230-231,  340-341,  462,  590-591,  730-731,  1899.)— In  this 
■«erie^  of  articles  there  is  first  described  the  most  advantageous  arrangement  of  the 
Tieter-room  and  store-room,  the  position  and  details  of  the  benches,  shelves,  cup- 
retards,  lights,  &C-,  illustrated  by  a  plan.    The  labelling  of  the  meter  by  the  supply 
cDcipany  or  corporation  is  then  described,  this  being  followed  by  the  details  of  a 
von^enient  system  of  book-keeping,  comprising  a  series  of  forms  for  the  various 
iv>»ks.  &c„  employed.    The  arrangement  of  connections,  terminals,  and  circuits  is 
then  considered  at  considerable  length,  this  being  followed  by  a  detailed  illustrated 
dtr<ription  of  the  resistances  and  instruments  used.     The  whole  question  is  dealt 
vrXn  171  a  very  detailed  manner,  looking  at  it  from  the  practical  side.  C.  K.  F. 

737.  Switchboard  Connections  and  Synchronising*  Arrangements  for  Polyphase 
f>me>atcr>.     (Amer.  Elecin.  11.  pp.  500-5i2,  Nov.,  1899.) 

738.  Concentric  Hotise-Wiring.    J.  D.  F.  Andrews.     (Elect.  Rev.  45.  pp.  576- 
577.  and  pp.  613-615,  1899.) 

730.  EUetricM  Specifications.    E.  K.  Scott.    (Elect.  Rev.  46.  pp.  543-544.  1890.) 

740.  Eiectric  Welding  as  Used  on  the  Russian  Railways.   (Zeitschr.  Elektrochem. 
i.f|iL  S86-992,  Nov.  16,  1899.)— Report  read  before  the  Association  des  Ingcnieurs 
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741.  Compensated  Revolving  Field  Generalon.  H.  G.  Reist.  (West. 
Electn.  26.  pp.  809-810,  Nov.  25. 1899.  Paper  read  before  the  Ohio  Electric 
Light  Association,  Oct.  11,  1899.) — This  is  a  methodof  automatically  adjusting 
the  potentials  of  alternators  for  all  variations  and  degrees  of  inductive  or  non- 
inductive  load. 

The  shaft  of  the  alternator  which  carries  the  revolving  field  also  carries 
the  armature  of  the  exciter,  which  has  as  many  poles  as  the  alternator,  so  that 
the  two  operate  synchronously.  Besides  the  exciter  commutator  and  the  pair 
of  collector  rings  which  deliver  the  current  to  the  field  of  the  alternator,  the 
shaft  also  carries  three  other  collector  rings,  which  are  connected  to  taps  in 
the  exciter  winding,  in  the  same  way  as  the  rings  arc  connected  to  the  wind- 
ings of  rotary  converters.  Through  these  rings  the  exciter  receives  current 
from  one  or  several  series  of  transformers  inserted  into  the  lines  leading  from 
the  alternator.  This  alternating  current,  passing  through  the  exciter  armature,  ' 
reacts  upon  tlie  exciter  field,  and  in  consequence  the  voltage  of  the  exciter  is 
due  to  the  combined  effect  of  the  shunt  field  and  the  magnetic  reaction  of  the 
alternating  current.  This  current  passes  through  the  exciter  in  such  a  manner 
as  to  give  the  necessary  rise  of  exciter  voltage  as  the  non-inductive  load  in- 
creases, and  without  other  adjustment  to  give  a  greater  rise  of  exciter  voltage 
with  additions  of  inductive  load.  W.  G.  R, 

7*2.  Hysleiesh  in  Armature  Cares.  F.G.  BaUy.  { Electrician, 44. pp.  828- 
824,  Dec.  29, 1899.)— In  this  article  the  results  are  described  of  some  experi- 
ments on  testing  the  hysteresis  of  armature  cores.  A  5  kw.  two-pole  dynamo 
was  used,  the  armature  of  which  was  10  inches  long,  6}  inches  diameter  ;  the 
discs  were  x'^  inch  thick  and  fitted  the  spindle  closely.  Special  precautions  ' 
were  taken  to  eliminate  frictional  errors.  Corrections  having  been  niade  for 
eddy  currents,  the  values  plotted  in  Curve  I.  of  the  following  diagram  wi 
obtained  ;— 


The  same  iron  could  not  be  tested  by  the  ballistic  method,  but  Curvs  I 
gives  the  values  obtained  by  A.  J.  Ewing  for  soft  charcoal  iron  in  an  aUr 
nating  field,  showing  much  lower  hysteresis  than  with  the  rotating  &« 
Curves  III.  and  IV.  are  the  results  of  tests  made  on  samples  cut  trtxn  i 
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same  sheet,  in  a  rotating  and  an  alternating  field  respectively,  showing  similar 
resoltSw  The  author  found  that  the  change  in  hysteresis-loss,  due  to  mechanical 
vibration  of  the  core,  was  negligible.  In  a  non-uniform  field,  as  in  the  case 
of  sJotted  cores,  the  hysteresis  value  approaches  that  due  to  an  alternating 
Ac\<L  The  conditions  in  a  shallow  ring  armature  probably  produce  an  inter- 
mediate value  of  the  hysteresis  loss.  A.  H.  A. 

743.  Armature  Windings,  F.  Emde  and  S.  Olsen.  (Eel.  Electr.  21. 
pp.  321-937,  Dec.  2,  and  86^-876,  Dec.  9,  1899.)— An  elaborate  examination 
of  tHe  conditions  which  must  be  fulfilled  in  order  that  a  multiple  armature 
winding  may  be  possible.  A.  H. 

744.  Compound  Field  Winding.  (Elekt.  Runds.  17.  pp.  56-67,  Dec.  15, 
1809.)— A  description  of  a  new  form  of  compound  licld  winding  for  dynamos 
or  motors  used  by  the  Helios  Company.  The  field  magnet  consists  of  a  con- 
tinuous iron  ring  with  ring-  or  drum-wound  exciting  coils  in  slots  or  holes, 
resemhling  the  stator  of  an  induction  motor,  the  compound  turns  being  wound 
in  the  spaces  between  the  shunt  coils.  A  complete  neutralisation  of  armature 
reaction  is  thus  obtained  and  sparkless  running  at  all  loads  with  fixed  brushes, 
the  air-gap  being  reduced,  thus  increasing  the  efficiency.  Such  compound 
dvnamos  can  be  used  for  cell-charging  without  fear  of  reversal.  L.  B. 

745.  Commutator  Design,  A.  D.  Adams.  (Amer.  Electn.  11.  pp.  568-570. 
Dec^  1899.}— Emphasising  the  importance  of  good  commutator  design,  the 
author  ascribes  the  majority  of  failures  to  mechanical  rather  than  electrical 
delects  and  discusses  the  details  of  construction.  Usually  with  carbon 
brushes  the  wdth  of  brush  may  equal  that  of  two  segments,  with  a  current  den- 
sitv  of  80  amperes  per  square  inch  of  contact  surface.  Recent  practice  favours 
large  diameters  and  short,  wide  segments  rather  than  long  and  narrow  bars. 
It  is  important  that  the  taper  of  the  segments,  which  depends  only  on  their 
Qomber,  should  be  accurate.  Mica  insulation  varies  from  0*02  to  0*06  inch  in 
thickness,  and  should  not  be  so  hard  as  to  wear  less  quickly  than  the  metal. 
The  conical  clamps  which  bind  the  segments  together  are  preferably  fixed  to 
die  slce\'e  with  screws,  instead  of  a  nut.  Details  of  the  design  of  a  small 
commutator  are  given,  with  illustrations.  A.  H.  A. 

74^.  AdiHintages  of  Induction  Generators.    M.  Leblanc.    (Eel.  Electr.  21. 
pp.  828-332,  Dec.  2,  1899.) — The  first  part  of  this  paper  is  devoted  to  a  discus- 
si' j.^  of  the  difficulties  which  are  at  times  experienced  in  running  alternators 
in  parallel,  the  phenomenon  of  hunting  being  more  particularly  dealt  with. 
In  the  second  part  the  author  proposes  to  get  over  the  trouble  of  having  to 
mn  synchronously  by  the  use  of  induction  generators,  one  of  which  would 
be  provided  with  the  special  form  of  exciter  designed  by  the  author  (see  1899, 
Abstract  No,  908),  and  would  thus  determine  the  frequency  and  the  P.D.  of 
the  supply,  while  the  remaining  generators  would  not  in  any  way  differ  from 
ordinary  non-synchronous  motors.    The  paralleling  of  such  machines  would 
prresent  no  greater  difficulty  than  that  of  continuous  current  dynamos.    In  the 
third  part  of  his  paper  the  author  suggests  a  method  of  power  transmission  at 
constant  (alternating)  current,  by  means  of  induction  generators  coupled  in 
It  thus  appears,  according  to  the  author,  that  by  the  introduction  of 
generators  we  should  get  rid  of  all  the  peculiar  difficulties  attending 
ci  alternating  currents,  while  at  the  same  time  retaining  all  the  advaxv- 
of  continiioiis-ciirrent  working.  X.  H. 
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747.  Advantages  oj  Two-Phase  Generators.  H.  Girgensohn.  (Zeitschr. 
Elektrotechn.,  Wien,  17.  pp.  624^27,  Dec.  10, 1899.)--In  this  paper  the  author 
endeavours  to  justify  the  more  general  use  of  two-phase  machines  instead  of 
singlc-phascrs  in  cases  where  nowadays  the  latter  only  are  employed.  For  a 
given  type  and  size  of  machine,  a  two-phase  winding  corresponds  to  an  output 
which  is  about  30  per  cent,  greater  than  that  of  a  single-phase  winding.  If 
the  two  circuits  of  a  two-phaser  are  linked  together,  and  the  machine  used  as 
a  singlc-phascr,  its  output  is  practically  the  same  as  that  of  a  single-phaser  of 
the  same  size  and  type.  Such  a  machine  would  probably  run  well  in  parallel 
with  ordinary  single-phasers.  But  in  addition  to  this,  it  might  be  used  for 
supplying  power  to  two-phase  motors,  in  which  case  its  output  would  be 
increased  by  some  30  per  cent.  For  supplying  two-phase  motors,  a  third 
wire,  connected  to  the  junction  of  the  two  windings,  would  be  required. 
Thus  it  might  appear  at  first  sight  as  if  a  heavier  outlay  of  copper  in  the  mains 
were  necessitated  by  the  use  of  two-phase  motors.  The  author  points  out, 
however,  that  the  average  power  of  motors  connected  to  town  mains  amounts 
to  IJ  H.P.,  and  that  for  motors  of  this  size  the  single-phase  type  has  a  power- 
factor  of  0*7  and  an  efficiency  of  67*2  per  cent.,  while  for  the  two-phase  one 
the  corresponding  figures  are  0*78  and  73'6  per  cent.  When  these  facts  are 
taken  into  consideration,  as  well  as  the  much  larger  starting  current  taken  by 
single-phase  motors,  it  appears  that  the  balance  in  favour  of  the  latter  t3rpc  as 
regards  total  cross-section  of  copper  in  mains  approaches  the  vanishing-point. 

A.  H. 

748.  Drop  oj  Potential  in  Alternators.  B.  A.  Behrend.  (Elektrotechn. 
Ztschr.  20.  pp.  887-840,  Nov.  80,  1899.)— Two  methods  are  in  use  for 
determining  the  P.D.  across  the  alternator  terminals  when  suppl3ring  a 
current  I  to  a  highly  inductive  circuit,  the  open-circuit  characteristic  (exciting 
current — E.M.F.)  and  the  short-circuit  one  (exciting-current — short-circuit 
current)  being  supposed  known.  If  i  is  the  exciting  current,  E  and  U  the 
E.M.F.  and  short-circuit  current  respectively  corresponding  to  it,  then 
according    to    method    (1)    the    P.D.    across    the    terminals    is    given    by 

V=Eri  — pj.     According  to  method  (2),  on  the  other  hand,  if  /'o  stand  for 

the  exciting  current  required  to  produce  the  short-circuit  current  I,  the 
effective  exciting  current  is  supposed  to  be  i  — /'o,  and  if  the  E.M.F.  correspond* 
ing  to  J  — /'o  is  Eo.  then  Eo  is  the  terminal  P.D.  By  comparing  the  calculated 
values  of  the  P.D.  with  those  actually  obtained  for  a  number  of  alternators 
the  author  arrives  at  the  conclusion  that,  although  in  some  cases  both  methods 
give  results  which  differ  widely  from  those  obtained  experimentally,  yet 
whereas  method  (1)  is  of  considerable  value  to  the  designer  in  most  cases» 
method  (2)  may  be  considered  worthless.  A.  H. 

749.  Alternating-Current  Machinery,      M.  Leblanc.      (Eel.    Electr.   90. 
pp.  171-178,  205-211,  258-261,  292-296,  404-413.  447-456,  and  498-606, 1899.) 
— A  continuation  of  the  elaborate  series  of  papers  some  of  which  have  already 
been  noticed  in  these  Abstracts.    The  author  further  considers  the  theory  of 
induction  generators,  and  the  conditions  for  their  satisfactory  working.    Next 
comes  the  question  of  the  excitation  of  asynchronous  motors  by  means  of  th< 
special  device  suggested  by  the  author.    This  is  followed  by  a  long  descripttor 
and  a  mathematical  theory  of  the  special  forms  of  rectifying  transformer 
designed  by  the  author.  A.  I: 

760.  Parallel  Running  of  Alternators.    G.  Benischke.    (Elcktrotech 
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Ztschr.  90.  pp.  870-878,  Dec.  14, 1899.)— In  this  paper  the  author  reviews  in 
detail  the  various  conditions  required  (or  successful  parallel  running.  He 
points  out  that  there  are  two  distinct  kinds  of  equalising  current  possible  : 
the  one,  which  is  mainly  an  idle  current,  is  due  to  unequal  excitation  of  the 
machines,  and  may  be  removed  by  proper  adjustment  of  the  excitation  ; 
while  the  other  represents  power,  and  is  due  to  speed  fluctuations.  The 
latter  kind  of  equalising  current  may  sometimes  be  removed  by  proper 
adjustment  of  the  governor.  The  author  next  considers  the  disturbing 
elements  which  may  be  introduced  under  various  conditions  of  working.  In 
ihe  case  of  direct-coupled  generators  difRculties  may  arise  if  the  torque 
exerted  by  Ihe  engine  is  not  sufiiciently  uniform,  and  if  the  machines  happen 
to  be  thrown  into  circuit  when  the  relative  positions  of  their  cranks  are 
diStxcat.  If  under  these  circumstances  it  is  permissible  to  interpose  a 
cboking-coit  between  the  machine  and  the  'bus  bars,  the  equalising  current 
may  be  readily  reduced.  Another  case  which  presents  ditRculties  ts  that  of  a 
direct-coupled  alternator  driven  by  an  engine  whose  torque  is  not  uniform, 
and  supplying  power  to  a  rotary  converter.  The  only  remedy  in  this  case  is 
again  Ihe  interposition  of  a  choking-coil.  Large  equalising  currents  may 
occur  even  in  the  case  of  belt,  rope,  or  turbine -driven  alternators  if  their 
E.M.F.  waves  differ  considerably  in  shape  ;  the  frequency  of  such  currents 
being  a  multiple  of  the  fundamental  frequency.  The  author  finally  discusses 
the  troublesome  phenomenon  of  the  hunting  of  alternators.  He  refers  to 
Kapp's  paper  on  this  subject  {see  1B99,  Abstract  No.  108S),  pointing  out  that 
the  resonance  theory  propounded  by  Kapp  does  not  accord  with  observed 
results.  He  explains  the  phenomenon  as  an  inUrftrntce  effect  produced  by 
tbe  superposition  of  two  or  three  consecutive  waves  of  different  frequency  ; 
the  resulting  "beats"  fully  account  for  the  observed  alternate  increase  and 
decrease  in  the  equalising  current.  He  further  states  that  if  Kapp's  resonance 
tbeory  were  correct,  then  the  introduction  of  even  a  small  inductance  would 
MifiBce  to  upset  the  conditions  required  for  resonance  ;  in  practice  it  is  found, 
bowevcr,  that  a  small  inductance  produces  no  appreciable  effect.  The  time 
ai  a  complete  oscillation  of  the  armature  (the  oscillation  being  superposed  on 
a  oDiforn)  motion  of  rotation)  is  given  by 


■»V? 


Kberc  M  is  the  moment  of  inertia  and  T  the  greatest  torque  which  could  act 
gn  the  armature  {i.e.,  the  torque  corresponding  to  a  phase-displacement  of 
\  period  from  the  position  of  synchronism).  The  author  states  that  as  neither 
il  nor  T  can  be  predetermined  with  .iny  degree  of  accuracy,  he  dives  not 
hclicvc  that  it  is  possible  to  predict  whether  hunting  will  lake  pl.ice  or  not. 
.\n  ingenious  mechanical  model  is  described  lo  illustrate  the  phenomenon  of 
Lcnling.  A,  H. 

781.  Enc/oifJ  Electric  Motors.  S.  F.  Walker.  (Elecl.  Kev.  43.  pp. 
Baft-floT,  Dec.  15,  1B99.) — The  author  cites  experiments  proving  that  sparking 
It  ibe  brushes  of  a  motor  cannot  ignite  explosive  gaseous  mixtures,  but  states 
ttiai  colliery  owners  insist  on  the  commutators  being  boxed  in  ;  he  tlieii 
diictis^es  Ihe  ad\-anlages  and  drawbacks  of  the  enclosed  typo  of  motor, 

A.  H.  A. 

E.  'Wilson.    (Instit.  F.lect.  Kngin..  Jourw.  Ig. 
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pole  dynamo  furnished  with  four  contact-rings  connected  to  tfcp  commutator 
at  four  points  90°  apart  It  was  used  for  transforming  two-pha^e  currents 
into  a  continuous  current.  The  two-phase  currents  were  supplied  \>y  a  couple 
of  similar  alternators  mechanically  coupled  so  as  to  have  their  E.M.Fs.  in 
quadrature  with  each  other.  Curves  are  given  in  the  paper  for  the  P.D.  and 
current  waves  under  varying  conditions  of  load  and  excitation.  The  mechanical 
phase  displacement  of  the  converter  armature  was  also  studied,  by  connecting 
in  series  two  instantaneous  contact-makers,  one  of  which  was  mounted  on  the 
alternator  shaft,  and  the  other  on  that  of  the  converter,  and  introducing  the 
two  contacts  into  a  circuit  consisting  of  a  battery  and  reflecting  galvanometer. 
The  distribution  of  the  magnetic  flux  in  the  air-gap  was  examined  by  means 
of  a  double  brush,  making  contact  with  two  neighbouring  commutator  seg- 
ments ;  cur\'es  showing  the  field  distribution  under  various  conditions  are 
given,  the  most  interesting  being  that  obtained  when  the  field  of  the  converter 
was  not  excited,  so  that  the  flux  was  entirely  due  to  the  currents  circulating 
in  the  armature.  It  was  found  in  this  case  that  the  air-gap  under  each  pole- 
piece  could  be  divided  into  two  regions  in  which  the  magnetic  flux  was  of 
opposite  sign.  When  run  on  a  single  phase  the  converter  was  found  to  drop 
out  of  step  more  readily,  and  the  sparking  at  the  brushes  on  the  continuous- 
current  side  w^as  much  greater.  A.  H. 

763.  Study  of  Rotary  Converters,  E.  de  March^na.  (Eel.  Electr.  19. 
pp.  108-115,  1899 ;  Industrie  Electrique,  Feb.  10  and  25,  p.  58,  1899.  Sec 
1899,  Abstract  No.  606.) — In  this  paper  the  author  studies  the  special  case  of 
a  rotary  converter  the  P.D.  across  whose  terminals  is  required  either  to 
decrease  or  else  to  increase  with  increase  of  load.  In  the  first  case  a  shunt 
winding  is  sufBcient  for  exciting  the  machine ;  in  the  second,  a  series  winding 
with  or  without  a  shunt  winding  is  required.  Assuming  that  the  limits  between 
which  the  load  may  vary  and  the  corresponding  limits  of  P.D.  are  given,  and 
that  the  connection  between  the  resultant  ampere-turns  acting  on  the  field 
and  the  E.M.F.  is  known  (a  straight-line  relation  being  assumed  within  the 
given  limits  of  P.D.),  the  author  develops  an  elaborate  analytical  and  graphical 
treatment  of  the  problem,  by  means  of  which  the  variation  of  the  P.D.,  the 
power-factor,  and  the  angle  of  lag  between  the  current  and  E.M.F.  of  the 
alternator  supplying  the  converter,  may  be  studied,  as  the  load  varies  between  \ 
the  given  limits.  A.  H.     : 

REFERENCE.  \ 

764.  Starting  and  Regulation  of  Motors.    C.  F.  Guilbcrt.     (Eel.  Electr.  21.  "  \ 
pp.  401-412,  Dec.  10,  1899.)— Patents  in  connection  with  alternate  current  mtvtons 
rcctiliers,  &c. 
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786.  Cable  Breakdowns.  G.  Kapp.  (Eleklrotechn.  Ztschr.  20,  pp.  896- 
000,  Dec.  28,  1899.)— Soon  after  the  establishment  of  the  first  alternating- 
current  central  stations  with  networks  of  concentric  cables  it  was  found  that 
Ihe  switching  on  or  off  of  sections  of  the  cables  was  attended  with  the  danger 
of  a  breakdown  in  the  insulation  between  the  outer  main  and  the  lead  cover- 
ing. It  was  also  found  that  this  danger  could  he  avoided  by  following 
Neufeld's  rule  of  ahvays  switching  on  the  outer  conductor  first,  and  switching 
it  ofF  last.  Breakdowns  of  the  kind  considered  are  due  to  resonance  pheno- 
mena, and  the  author  fully  investigates  the  conditions  under  which  they 
become  possible.  He  first  considers  the  case  of  a  concentric  cable  running 
THit  from  the  central  station  and  suppljnng  a  transformer  which  feeds  an 
T..4>lated  portion  of  the  secondary  network.  Let  C|  stand  for  the  capacity  of 
the  outer  conductor  with  respect  to  the  lead  covering  (i.e.,  with  respect  to 
earth),  and  Ci  for  the  capacity,  also  with  respect  to  earth,  of  the  outers  of  the 
entire  remaining  portion  of  the  network  supplied  from  the  same  station.     If 


'miiinifiii^ 


we  ~tippose  that  the  station  end  of  the  outer  conductor  of  our  cable  is  discon- 
necT(--d  while  the  inner  still  remains  in  contact  with  its  'bus  bar,  a  current  will 
3ow  as  follows :  Prom  the  'bus  bar  through  the  inner  conductor  and  the 
primarv  coil  of  the  transformer  to  the  outer  conductor  of  the  cable,  thence  (as 
.1  dL-iplacement  current)  through  the  condenser  of  capacity  C|,  next  through 
"he  condenser  of  capacity  C,,  and  finally  along  the  outer  member  of  the 
remaining  portion  of  the  network  to  the  station.  Since  Ci  and  Cj  are  joined 
in  :-«:ries  Iheir  joint  capacity  is  CiCi/(Ci-|- Ci),  and  if  Ci  is  very  large  in 
comparison  with  Ci,  this  >>ccomes  practically  equal  to  Ci.  It  is  obvious  that 
since  wc  have  an  inductive  circuit  (the  primary  of  the  transformer)  connected 
in  series  with  the  condenser,  piowcrf  ul  resonance  may  under  certain  conditions 
let  ill,  and  the  dielectric  of  the  cable  be  pierced.  By  considering  some 
special  cases  such  as  frequently  occur  in  practice  the  author  finds  that  reso- 
ouicc  Ls  not  at  all  unlikely  to  take  place,  and  that  the  danger  of  breakdown  is 
a  «ry  serious  one.  A  similar  investigation  with  respect  to  stranded  cables 
ihom  that  in  their  case  the  danger  is  much  less  than  with  concentric  cables. 
To  aroid  all  risks  of  breakdown  the  author  recommends :  (W  A  strict  ad\\cston 
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to  Neufeld's  rule  ;  (2)  Earthing  of  the  outer  conductor  at  a  single  point ;  (3) 
Omission  of  all  safety  fuses  on  the  outer.  Another  class  of  breakdowns  is  then 
considered  by  the  author.  This  has  only  been  known  to  occur  in  networks  of 
concentric  cables  whose  inner  and  outer  members  respectively  are  all  con- 
nected together  both  on  the  primary  and  on  the  secondary  sides.  The 
breakdown  is  brought  about  not  by  the  disconnection  of  the  outer  conductor, 
as  in  the  first  case,  but  by  the  development  of  an  earth  on  the  inner  conductor. 
It  is  said  that  a  breakdown  of  this  second  kind  is  much  more  serious  than  one 
of  the  first  kind,  the  insulation  being  generally  pierced  in  a  number  of  places 
simultaneously.  The  accompanying  diagram  explains  how  the  breakdown  is 
brought  about.  P  and  S  stand  for  the  primary  and  secondary  of  the  trans- 
former, I  and  O  for  the  inner  and  outer  conductors  respectivel}*.  Let  an  earth 
occur  at  E.  All  the  fuses  shown  will  blow,  but  the  transformer,  being  still 
across  the  secondary  network,  will  receive  a  current,  so  that  P  will  be  the  seat 
of  an  E.M.F.  which  will  give  rise  to  a  current  flowing  to  earth,  thence  through 
the  capacity  C  (that  of  the  outer  member  Oi  of  th^  network),  and  back  to  P. 
Resonance  in  this  circuit  may  occur  under  certain  conditions,  with  a  con- 
sequent breakdown  of  the  insulation  between  Oi  and  the  lead  sheathing.  In 
this  case  the  only  reliable  protection  is  to  earth  the  outer  at  a  single  point  (in 
order  to  avoid  disturbance  of  neighbouring  telephone  circuits,  and  through  a 
non-inductive  resistance  to  prevent  the  occurrence  of  a  dead  short-circuit  in 
case  of  accident),  and  leave  out  all  safety  fuses  on  the  outer.  A.  H. 

756.  ,  round  ng  of  Low-tension  Circuits.  W.  L.  R.  Emmet.  (Elect. 
i..  a..i.  l-ugiiKcr,  84.  pp.  788-789,  Nov.  11,  1899.) — The  author  refers  to 
hi':  iirtKlc-by  \v.  B.  and  L.  C.  Keed  (see  1900,  Abstract  No.  817)  in  which  the 
.  i  a  i.lTerences  of  potential  on  low-tension  mains  caused  by  accidental 
c  u^  in^  I  a  iiigii  potential  circuit  are  discussed,  and  points  out  that  the 
ctnid.tions  a.ssuuud  in  their  paper  would  very  seldom  exist.  These  conditions 
...X  I  a-  (;ii  .1  ^^lOiiuJcd  ciicuit  wii'i  a'gli  fcsi^ianccs  between  the  low-tension 
iiiauib  and  between  mains  and  earth,  the  current  in  the  mains,  when  crossed 
by  high-potential  circuits,  would  be  sufficiently  large  to  cause  dangerous 
potential  differences  between  low-tension  mains  and  between  mains  and 
earth. 

In  the  case  of  a  circuit  fed  from  a  low-tension  distributing  network, 
supplied  either  directly  from  the  armatures  of  generators  or  secondaries  of 
large  transformers,  the  resistances  of  these  apparatus  being  so  low,  an 
enormous  current  would  be  required  to  raise  the  differences  of  potential  at 
their  terminals  to  a  dangerous  degree — in  fact,  the  conductors  would  probably 
be  destroyed  instantly  at  the  points  of  crossing.  Similarly  with  the  ground* 
ing  connections,  which  should  be  of  low  resistances.  The  character  and 
number  of  ground  connections  for  circuits  should  be  governed  by  rules. 

The  failure  of  ground  connections,  as  a  safety  device,  is  likely  to  occur  in 
the  event  of  low-pressure  circuit  fuses  blowing,  in  which  cases  a  hi^ 
potential  difference  may  be  between  the  wires  of  the  circuit.  This,  however, 
is  easily  prevented  by  the  arrangement  of  fuses  and  ground  connections.  \r 
the  case  of  a  circuit  fed  from  a  house  transformer,  the  transformer  fuse 
would  afford  a  sufficient  protection  in  the  event  of  a  cross  between  the  tm 
transformer  coils. 

The  author  finally  points  out  W.  B.  and  L.  C.  Reed's  method  of  using  > 

automatic  cut-out  in  the  main  circuit,  actuated  by  an  excess  of  current  throu 

the  gTowni^  connections  or  through  a  certain  connection  between  the  mail 

^'as  the  disHcivdntagc  of  being  slow  in  action,  the  damage  being  done  bcff 
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the  cut-out  can  come  into  play.  This  is  the  drawback  of  all  earthing  devices, 
which,  the  author  states,  cannot  take  the  place  of  permanent  ground  connec- 
tions. E.  D.  P. 

757.  Besi  Number  of  Feeding-points  in  a  Distributing  Network,  A.  SengeL 
(Elektrotechn.  Ztschr.  20.  pp.  807-809,  Nov.  16,  and  826-829,  Nov.  28, 1899.)— 
The  total  cost  of  a  network  is  made  up  of  the  cost  of  the  feeding  and  distri- 
buting systems.  By  making  the  number  of  feeding-points  very  large  the 
cross-section  oi  the  distributors  may  be  greatly  reduced,  and  thus  the  cost  of 
the  distributing  S3rstem  lowered — at  the  expense  of  the  feeding  system.  On 
the  other  hand,  by  using  a  small  number  of  feeding-points  the  cost  of  the 
feeders  is  reduced,  while  that  of  the  distributors  is  increased.  It  is  obvious 
that  for  a  given  distributing  network  there  will  be  one  particular  number  of 
feeding-points  for  which  the  total  costs  will  be  a  minimum.  The  author 
iDTestigates  this  problem  for  networks  consisting  of  square,  triangular,  and 
hexagonal  meshes,  and  finds  that  the  expressions  obtained  for  the  best  number 
of  feeding-points  are  practically  independent  of  the  shape  of  the  meshes,  but 
that  they  depend  on  whether  the  network  is  unbranched  {i,e,,  the  feeding- 
points  connected  by  simple  lengths  of  distributors)  or  branched  {i,e,,  with  a 
number  of  distributing  meshes  connecting  the  feeding- points).  The  following 
formulae  are  deduced  by  the  author  : — 


1006 


p^0-6|A      / 


1006. 

where  F  =  number  of  feeding-points  ;  A  =  total  output  of  network,  in  watts  ; 
^=s  P.D.  at  feeding- points,  in  volts;  £i-|-6a  =  cost  of  (single)  cable,  per 
metre  length,  of  sectional  area  a  square  millimetres;  L  =  length  of  (single) 
feeder  ;  nt  =  cost  of  laying  a  metre  length  of  cable  (not  including  cost  of 
digging  trenches  or  building  conduit) ;  s  =  cost  of  making  feeding-point 
connections,  and  feeder  connections  at  central  station  ;  /» =  total  percentage 
drop  along  double  feeder  ;  k  =  conductivity  of  copper  (=  57) ;  <t  =  output,  in 
m^ts.  per  square  metre  of  network  ;  /  =  distance  between  two  feeding- 
points  in  metres. 

The  use  of  these  formulas  is  illustrated  by  a  numerical  example.  The 
appcr  figures  (0*5  and  1*4  respectively)  in  the  formulae  are  to  be  used  for  un- 
branched, and  the  lower  (1*0  and  1*0)  for  branched  networks.  Where  the 
lr«ad  is  distributed  irregularly,  it  is  best  to  subdivide  the  entire  network  into 
a  number  of  districts  (for  each  of  which  <r  may  be  considered  as  contant)  and 
apply  the  formulae  to  each  district  separately.  A.  H. 

758.  Elcctruity  as  a  Motive  Power.  J.  S.  Raworth.  (Electrician,  44. 
pp.  41-44/Nov.  3,  and  73-76,  Nov.  10, 1899.  Paper  read  before  the  Manchester 
Association  of  Engineers,  Oct.  28.) — The  author  compares  steam-driven 
manufacturing  works  {i.e.,  with  the  usual  belt,  rope,  or  other  gearing  trans- 
»)  with  electrically  driven  works,  either  with  supply  from  outside 
or  with  electrical  generators  at  the  works.  Examples  are  worked 
oat  showing  the  actual  costs  of  the  systems,  and  other  general  advantages 
«i  the  two  methods  are  pointed  out. 

A  loDtf  aDpeodix  of  several  tabulated  results  of  experiments  \s  added. 
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including  losses  in  belts  and  shafting,  and  tests  of  machine-tools  driven  by 
electric  motors.  Also  tables  and  curves  of  efficiency  tests  of  various  electric 
motors,  both  direct-  and  alternating-current.  E.  D.  P. 

769.  Electric  Power  in  Powder  Factories,  (Engineering,  69.  pp.  116-118, 
Jan.  26,  1900.) — A  short,  illustrated  description  of  the  electric  power  equip- 
ment of  three  new  United  States  Government  smokeless  powder  factories. 
The  power  is  supplied  in  each  case  by  Westinghouse  double-current  multi- 
polar generators,  giving  both  direct  current  at  600  volts  for  lighting  and 
traction,  and  two-phase  currents  at  400  volts  and  60  (\j  (in  one  case  120 
Oj  )  for  power.  For  the  latter  purpose  Westinghouse  C-typc  induction 
motors  are  used,  which,  having  no  sliding  contacts  whatever,  reduce  the 
danger  of  explosion  to  a  minimum.  L.  H. 

760*  Impulse  Wheel  Generating  Plant,  (Elect."  World  and  Engineer,  84. 
pp.  764-766,  Nov.  11,  1899.) — The  turbine  is  designed  to  work  off  a  pumping 
main  when  the  supply  of  water  is  greater  than  the  demand.  The  speed  of 
660  revolutions  per  minute  required  for  the  direct  coupled  generator  necessi 
tated  the  use  of  18-inch  diameter  impulse  wheels ;  and,  in  order  to  obtain 
110  H.P.  from  the  turbine,  18  nozzles  were  required.  The  turbine  is  arranged 
with  6  runners  and  8  nozzles  to  each  runner,  in  order  to  avoid  the  expense 
of  18  contracting  nozzles.  The  regulation  is  effected  by  cutting  off  one  jet 
at  a  time  by  ordinary  butterfly  valves.  In  this  way  the  efficiency  of  only  the 
one  jet  actually  being  cut  off  is  affected. 

The  paper  is  illustrated,  and  contains  a  full  account  of  an  interesting 
machine  which  has  been  running  for  over  a  year  at  Columbus,  Ohio. 

M.  G.  W. 

761.  Edinburgh  Electricity  Works.    (Elect.  Engin.  24  pp.  553-556,  Nov.  8, 
and  582-687,  Nov.  10,  1899.) — Such  rapid  progress  in  electric  lighting  is 
taking  place  in  Edinburgh  that  the  Dewar  Place  works,  which  can  supply 
8,000  kw.  as  a   maximum,  have  been  found  to  be  far   too   small   for  the 
extensions  required,  with  the  result  that  a  larger  site  has  been  acquired,  and 
an  entirely  new  works  has  been  designed  by  Kennedy.    The  old  works 
generated  energy  on  a  280-volts,  direct-current,  three-wire  system,  and  also 
on  a  2,500-volts  alternate-current  system.    The  new  works  will  generate  only 
direct  current,  to  be  distributed  on  the  three- wire  system  with  460  volts  across 
the  outers.   Plans  and  particulars  are  given  of  the  new  works.   There  are  to  be 
four  boiler-houses,  each  containing  nineteen  boilers,  arranged  in  pairs  on  each    'j 
side  of  the  two  engine-rooms.    Each  of  these  engine-rooms  contains  thirteen 
steam-dynamo  sets,  each  of  1,200  I.H.P.,  besides  the  smaller  sets  of  boosters 
and  balancers  required.    The  flues  and  chimneys  of  the  boiler-rooms  are  so 
arranged  that  sections  of  the  flues  can  be  shut  off  for  cleaning  purposes 
without  interfering  with  many  boilers.    Two  main  flues  run  the  full  length  ; 
of  each  boiler-house,  and  each  of  these  can  be  made  to  discharge  into  either  ! 
of  the  two  chimneys,  there  being  two  chimneys  for  each  pair  of  boiler'  ' 
houses.    Three  dampers  are  placed  in  each  of  these  main  flues,  one  at  eaci 
end  and  one  in  the  centre,  so  that,  by  regulating  these,  the  gases  from  a  bloc! 
of  boilers  may  be  led  into  either  of  the  chimneys,  or  divided  between  th 
two. 

The  buildings  now  erected  extend  over  rather  more  than  a  quarter  of  tf 
area  the  works  would  occupy  were  the  whole  completed.    The  thtrte- 
oilers  erected  sure  of  the  dry-back  marine  type,  each  capablei  whCQ  (pd  wi 
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ordinary  grades  of  Scotch  coal,  of  evap>orating  11,600  lbs.  of  water  per  hour. 

Ptarticnlars  and  dimensions  of  these  boilers  are  given.    Automatic  stokers  are 

fitted  to  each,  being  driven  in  groups  of  ten  by  steam  engines.    The  stokers 

are  fed  from  the  coal-stores,  above  the  boiler-house,  through  shoots  in  the 

floor.    The  quantity  of  coal  delivered  to  each  boiler  is  measured  by  means  of 

an  iron  box,  placed  between  the  shoot  from  the  coal-stores  and  the  hoppers 

of  the  stokers.    Shutters  are  placed  at  the  top  and  bottom  of  the  box  ;  with 

the  lower  shutter  closed  the  upper  one  will  be  open  and  the  box  fills  with 

coaJ.    The  shutters  are  operated  together  from  one  lever  by  the  fireman  ;  one 

motion  of  the  lever  will  close  the  upper  and  open  the  lower  shutter,  while  the 

reverse  motion  will  open  the  upper  and  close  the  lower  shutter.    The  box  is 

graduated  to  hold  5  cwt.  of  coal  when  full,  a  regulating  plate  being  fixed 

inside,  so  that  its  capacity  may  be  varied  slightly  for  changes  in  weight,  due 

to  different  sizes  of  coal.    The  coal  is  run  from  this  box  through  a  divided 

shoot  to   the  hoppers  of  the  two  stokers  on  the  boiler.    The  stokers  may 

be  fed  direct  by  hand,  and  the  fires  also.      A  duplicate  steam  main  runs 

the   length  of   the  boiler-house,  with  branches  from  each  boiler  to  each 

main.    The  ring  main  of  the  engine-room  is  fed  from  these,  separators  with 

Geip>el  steam-traps  attached  being  placed  at  the  entrance  to  the  engine-room 

and  half-way  round  the  steam-ring.    Three  Worthington  compound  duplex 

feed-pumps  arc  installed,  also  two  Berryman  feed-water  heaters.   Condensing 

plant  is  to  be  installed  eventually ;  the  surface  system  will  be  adopted. 

The  main  generators  arc  Willan's  engines  directly  coupled  to  Mather  & 
Piatt  dynamos.  Two  of  the  machines  yield  840  amperes  at  230  volts,  and  six 
larger  sets  of  about  1,200  H.P.  arc  on  order.  The  guarantee  figures  of  the 
latter  are  that  at  full  load  the  steam  consumption  shall  not  exceed  17  lbs.  per 
E.H.P..  or  15-8  lbs.  per  B.H.P.  hour. 

Two  sets  of  accumulators  are  installed,  each  consisting  of  140  cells  of  the 
Pritchetts  and  Gold  type.  Their  capacity'  is  2,000  ampere-hours  at  a  400 
ampere  rate,  or  they  can  give  800  amperes  for  half  an  hour  on  emergency. 

The  switchboard  arrangement  is  described  in  full.  The  usual  method  of 
proportioning  all  feeders  so  that  the  same  drop  shall  be  obtained  with  each 
when  at  full  load  has  been  abandoned.  The  dynamos,  cables,  &c.,  are 
dtrsx/jned  so  a«s  to  allow  for  a  drop  of  100  volts  on  the  long-distance  feeders 
and  for  a  drop  of  50  volts  on  the  short  feeders.  The  switchboard  is  arranged, 
therefore,  so  that  two  distinct  circuits  can  be  formed  ;  each  mav  have  several 
machines  paralleled  on  it,  and  yet  one  may  help  the  other  by  motor-driven 
boosters  to  equalise  the  generator  loads.  E.  D.  P. 


L  Electric  Lighiing  at  Windsor.  (Elect.  Engin.  24.  pp.  717-719,  Dec.  8, 
1899. >— A  full  description  of  the  street  lighting  is  given  ;  both  arc  and  incan- 
descent lamps  arc  used.  The  incandescent  lamps,  over  800  in  number,  are 
coupled  to  the  mains  in  a  novel  manner,  the  circuits  being  so  arranged  tliat 
all  the  lights  can  be  switched  on  or  off  from  one  point  in  the  centre  of  the 
town.  For  this  purpose  lengths  of  small  subsidiary  mains  are  used  in  con- 
junction with  automatic  relays.     Diagrams  of  the  arrangement  are  given. 

The  company's  charge  for  the  supply  and  maintenance  of  each  16-c.p. 
lamp  is  £S  12s.  6d.  per  annum  in  Eton,  and  £H  7s.  6d.  per  annum  in 
Windsor ;  for  each  2,000-c.p.  arc  lamp  j£22,  and  for  each  500-c.p.  arc 
lamp  £16. 

particulars  are  given  of  tests  on  a  new  200- H.P.  Peache  engine 
to  a  190  kw.  Hohnes  dynamo.    With  an  output  of  1626  E.H.P.  lVv<i 
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engine  running  n  on -condensing,  was  iM'TBlbs.  per  I.H.P.  hour,  or  SS'Slbs. 
per  E.H.P.  hour.  At  half-load  the  steam  consumption  per  E.H.P,  hour  was 
about  82  Ihs.  With  full  load  on  and  engine  running  at  438  r.p.m.,  a  rise  of 
2  per  cent,  in  speed  was  produced  by  throwing  load  off  suddenly,  the 
momentary  rise  being  5  per  cent. ;  with  the  sudden  change  of  load  froni  full 
to  half  an  increase  of  speed  of  16  per  cent,  was  produced.  Specimens  of 
indicator  diagrams  obtained  during  the  test  are  given.  E.  D.  P. 

763.  Como  EUclric  Tramway.  R.  ».  Podoski.  (Elektrotechn,  Ztschr. 
21.  pp.  8-7,  J.in.  4,  1900.) — An  illustrated  description  of  a  tramway  equipped 
by  the  Helios  Company.    The  line  has  a  short  gradient  of  88  per  cent. ;  full 


i 


particulars  and  tests  are  given  of  the  brakes  for  holding  the  car  in  check 
when  descending.  The  controller  connections  to  the  two  motors  are  as 
shown  in  the  accompanying  figiire.  E,  K.  S, 

764.  IsU  of  Man  Tramways.  (Electrician,  44.  pp.  456-462,  Jan.  26. 1900.) 
—An  illustrated  description  of  a  water-driven  electric  plant  installed  by  the 
Isle  of  Man  Tramways  and  Electric  Power  Company  for  the  generation  of 
power  for  the  Douglas-Laxey  and  Ramsey  electric  lines.  The  power  gene- 
rated, about  140  H.P.,  is  sufficient  for  the  winter  or  light  season  load  on  these 
lines.  The  summer  load  is  supplied  by  steam-drive^  plant,  about  2,200  H.  P. 
being  required. 

The  Laxey  River  furnishes  the  power,  a  «.-orking  fall  of  88  feet  being 
obtained.  Some  details  of  the  construction  of  the  weir,  races,  pipe-line,  &C., 
are  given.  Two  12-inch  turbines  of  the  Victor  type,  one  bipolar  generator, 
and  one  booster  arc  installed.  The  electrical  machines  are  coupled  by 
clutches  to  the  turbines,  which  can  be  also  rigidly  coupled  together. 
Main  connections  are. made  from  the  switchboard  to  the  main  switchboards 
at  the  steam-driven  stations.  The  turbine  station  works  in  connection  with 
three  battery  substations,  whereby  full  load  is  kepi  on  the  main  generate'. 

E.  D.  P. 

78B.  Burgdorf-Tkua  Tkree-Pbase  Eltctric  Railuay.  C.  Rocbat.  (Street 
RIy.  Journ.  16.  pp.  858-800,  Dec,  1899.)— The  hne  is  40  km.  in  length,  and  at 
Burgdorf  connects  with  the  standard  steam  road  between  Berne  and  Olteq 
whilst  at  Thun  it  runs  in  connection  with  the  Berne-Thun  Interlaken  Rail 
road.  In  order  to  make  close  connection  with  each  of  these  tines  a  large 
train  service  was  necessary  than  would  have  been  convenient  with  limi 
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power  ;  and  again,  the  grades,  though  not  very  steep,  would  yet  have  been 
considerable  for  steam-operated  trains.  With  electricity,  on  the  other  hand, 
the  grades  are  easily  surmounted.  Single  cars  can  be  run  frequently,  and  by 
means  of  three-phase  transmission  at  high  voltage,  advantage  can  be  taken  of 
a  water  power  at  Spies  about  10  km.  from  Thun. 

Power  Station. — Four  turbines,  located  on  the  Kander  River,  operate  under 
a  fall  of  63  m.  with  an  average  volume  of  10,000  litres  of  water  per  second, 
equal  to  6,300  H.P.  Each  generator  has  a  capacity  of  900  H.P.  and  produces 
three-pbase  current  at  4,000  volts,  which  is  raised  to  16,000  volts  in  step-up 
oil-transformers.    The  lighting  is  kept  distinct  from  the  power  circuit. 

Track. — ^The  line  is  single  track  throughout,  the  maximum  gradient  2J 
per  cent.,  and  the  minimum  curve-radius  260  m.  The  rails,  86  kg.,  are  in 
12  m.  lengths,  and  the  complete  track  weighs  110  kg.  per  metre.  The  rails 
arc  bonded  by  having  the  under  side  of  head  and  top  of  base  grooved  and 
filled  with  zinc,  as  are  also  the  angle  plates  bearing  upon  these  parts.  Cross- 
connections  are  made  at  100  m.  intervals  by  8  mm.  wires. 

High-tension  Line. — ^The  pole  line  for  the  15,000  volt  transmission  consists  of 
three  copper  wires,  each  5  mm.  diameter,  carried  on  porcelain  double- petticoat 
insalators.  Between  Spies  and  Thun  the  wires  are  carried  on  latticed  poles 
s^t  in  concrete,  but  along  the  track  the  poles  are  of  wood,  the  maximum  span 
being  35  m.  There  are  Siemens- Halske  horn  lightning  arresters  at  the 
entrance  to  the  power  station  and  at  each  substation,  and  to  avoid  short 
circuits  to  earth  after  atmospheric  discharges,  water  rheostats  are i introduced 
in  the  earth  connection. 

Substations. — There  are  14  transformer  substations  each  containing  a 
450  kw.  oil-transformer,  having  a  ratio  of  15,000  to  760  volts.  The  trans- 
formers and  switchgear,  &c.,  are  enclosed  in  metal  housings,  surmounted 
by  the  overhead  construction  for  the  high -tension  wires. 

Trolley  Wires. — These  are  two  in  number,  8  mm.  diameter,  carried  51  m. 
above  the  track,  and  1*1  m.  apart.  Double  insulation  is  employed  between 
trolley  wires  and  poles,  the  latter  spaced  36  m.  apart  except  at  curves.  The  bow 
sliding  trolley  is  used,  and  there  are  no  overhead  frogs  except  at  turnouts. 
At  those  points  where  the  wires  cross-,  section  insulators  are  installed,  and  as 
the  cars  carry  four  trolleys,  two  at  each  end,  contact  with  at  least  one  set 
is  alwavs  secured. 

Electric  Locotnotircs. — These  are  two  in  number,  of  the  following  dimen- 
sions :  Wheel  base  3  ra.,  length  of  body  6  m.,  length  between  buffers  7*2  m., 
diameter  of  wheels  13  m.,  and  weight  complete  28  tons.  They  are  employed 
principally  for  freight  traffic,  and  are  capable  of  hauling  100  tons  (freight)  at 
a  speed  of  18  km.  per  hour  on  2J  per  cent,  grade,  or  50  tons  (passengers)  at 
M  km,  per  hour.  Each  locomotive  is  equipped  with  two  motors  of  150  H.P. 
running  300  r.p.m.  at  750  volts.  They  are  placed  in  the  middle  of  the  loco- 
motive, and  at  either  end  of  the  same  shaft,  the  stators  being  mounted  on  the 
locomotive  framework. 

The  rotor  shaft  can  be  thrown  into  gear  with  either  of  two  trains  of  gears 
(for  the  two  speeds)  connected  with  the  axles.  For  facilitating  the  mounting 
and  dismounting  of  the  rotors,  the  sides  of  the  locomotives  have  openings 
through  which  the  shaft  can  be  removed. 

The  starting  rheostat  is  composed  of  helical  coils  of  ribbon,  separated  into 
sections  corresponding  to  the  three  phases  and  connected  to  a  com- 
fitted  with  carbon  brushes.    At  each  end  of  the  locomotive  are  two 
one  for  making  and  t)reaking  the  circuit,  and  the  other  for  reversing. 
looomotive  carries  a  transformer  for  reducing  the  pressvire  irom 
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750  volts  to  100  volts.  Part  of  this  low-tension  current  is  used  for  operating 
a  motor  compressor  of  8  H.P.  for  the  air  brake,  and  part  for  lighting. 

Motor-Cars, — At  present  there  are  six  motor-cars,  each  capable  of  carrying 
68  passengers,  the  weight  of  the  car  fully  equipped  being  82  tons.  The 
following  are  the  leading  dimensions :  Length  of  body  12'2  m.,  width  of 
body  8*05  m.,  distance  between  centres  of  trucks  9*6  m.,  wheel  base  2*2  m., 
diameter  of  wheels  102  m.,  and  length  over  all  16-8  m.  Four  65  H.P.  motors 
arc  carried  on  each  car  (one  to  each  axle),  and  they  run  at  600  r.p.m.  with  load, 
and  586  without.  The  starting  rheostat  is  similar  to  that  on  the  locomotive, 
as  is  also  the  motor  compressor,  &c. 

Trail  Cars. — There  arc  fi\^  trail  cars  of  the  two-axle  type — two  to  carry 
each  55  passengers,  two  to  carry  each  40  passengers,  and  one  combination 
passenger,  postal,  and  baggage  car  carrying  20  passengers. 

Running. — As  the  cars  are  operated  by  three-phase,  a  practically  constant 
speed  of  36  km.  per  hour  is  maintained.  The  cars  can  be  braked  quickly  and 
stop  in  about  three-quarters  of  a  minute  ;  a  table  of  tests  made  on  the  2J  per 
cent,  grade  is  given.  Tests  of  the  power  consumption  at  starting  gave  the 
following  results  : — 

(a)  One  motor  and  one  trail  car  on  2^  per  cent,  grade  straight  track, 
260  amperes  at  760  volts. 

(6)  Same  as  above,  but  on  curve  250  m.  radius,  830  amperes  at  850  volts. 

(c)  The  maximum  consumption  of  the  electric  locomotive  with  a  complete 
train  of  50  tons  at  36  km.  per  hour  never  exceeded  800  amperes  at  700  volts. 

It  has  been  found  not  advisable  to  run  two  trains  of  cars  at  the  same 
time  in  a  section  fed  by  one  transformer.  With  two  trains  they  should 
be  six  minutes  apart,  and  with  three  trains  the  headway  is  ten  minutes. 
(The  article  is  abundantly  illustrated.)  E.  K.  S.        * 

766.  Electric  Conduit  Construction  in  Paris,  A.  N.  Connett.  (Street 
Rly.  Journ.  15.  pp.  845-^2,  Dec,  1899.) — In  some  of  the  larger  French  cities  ,  ^ 
the  h"olley  is  forbidden  in  certain  streets,  and  conduit  lines  have  been  laid 
down.  In  Paris  the  Bastille-Charenton  line  has  a  short  section  of  conduit 
with  the  central  slot  somewhat  similar  to  the  Metropolitan  Railroad  Com- 
pany of  Washington,  except  that  the  cast-iron  insulator  shields  are  bolted 
directly  to  the  bottom  flange  of  the  slot  rail.  The  insulator  pits  are  also 
covered  with  cast-iron  plates,  placed  low  enough  to  allow  of  being  paved 
over,  this  being  necessary,  as  by  the  municipal  regulations,  manhole  covers 
must  be  reduced  to  a  very  strict  minimum. 

In  new  lines  which  were  projected,  the  most  important  being  the  "  St. 
Ouen-Champ  de  Mars,"  the  French  Thomson- Houston  Company  made  every 
effort  to  continue  the  construction  of  this  central  slot  conduit,  but  were  met 
with  opposition  from  the  authorities,  and  were  therefore  obliged  to  adopt  the 
side-slot  conduit.  Compared  with  the  centre  this  method  has  sevenil  dis- 
advantages :  (1)  The  question  of  slot  closure  becomes  doubly  important 
from  the  fact  that  the  wheel  flanges,  as  well  as  the  plough  shank,  must  pass 
into  the  slot.  (2)  The  entire  car  traflic  passing  on  the  overhung  yoke  seats 
makes  a  stronger  construction  necessary.  (8)  The  plough  insulation  is 
rendered  more  difficult  from  the  splash  of  mud  and  water  directly  on  it  from 
the  wheels.  (4)  It  is  fundamentally  impossible  to  make  a  really  satisfactory 
side-slot  switch. 

In  Paris  the  last  difficulty  has  been  avoided  by  the  device  of  defledim 
the  slot  from  the  side  to  the  centre  at  such  points  (Avenue  Ma^ccauX  whci^ 
'^witches  4r<?  s^bsoltiteiy  necessary, 
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therefore  to  be  made  to  raisfe  and  lower  the  plough  when  going  over  the 
bridge. 

The  design  of  the  plough  support  was  difHcuIt,  because  the  conditions 
to  be  fulfilled  were  :  (1)  That  the  plough  should  be  able  to  slide  laterally  the 
full  width  of  the  track.  (2)  That  at  its  central  position  it  could  be  raised 
clear  from  the  conduit  so  as  to  be  carried  over  the  trolley  section,  and,  vice 
versdf  to  be  lowered  into  the  conduit.  (8)  That  it  could  be  raised  and  lowered 
from  each  of  its  side  positions  the  necessary  distance  between  the  height  of 
the  conductor  rails,  so  as  to  pass  the  shallow  conduit  of  the  Pont  Alma. 
(4)  That  at  the  contact  points  of  trolley  and  conduit  the  circuits  could  be 
changed  automatically  with  the  same  operation  of  raising  and  lowering  the 
plough.  This  change  is  rendered  necessary  from  the  fact  that  the  conduit 
circuit  is  a  completely  insulated  one.  E.  K.  S. 

767.  Multiple  Unit  System  for  Electric  Railways,  F.  Kriiik.  (Zeitschr. 
Elektrotechn.,  Wien.  17.  pp.  656-560, 1899.) — The  use  of  electric  unit  cars  for 
railway  working  should  prove  to  be  much  cheaper  than  the  ordinary  heavy 
steam  locomotive  dragging  behind  it  the  usual  rolling  stock,  because  {a)  each 
motor  waggon,  being  self-propelling,  the  goods  would  be  transported  more 
quickly ;  (6)  the  stations  and  the  sidings  would  be  much  shorter ;  (c)  water 
basins,  with  their  accessories,  would  be  dispensed  with  ;  (d)  the  bridges 
could  be  lighter  and  the  earthworks  and  the  laying  of  rails  cheaper ;  (e)  as 
there  would  be  an  absence  of  the  shaking  from  left  to  right,  and  also  of  the 
hammering  of  the  steam  locomotive,  the  rails  would  not  require  to  be  held 
together  so  strongly,  and  for  a  given  weight  of  rolling  stock  could  be  lighter 
and  cheaper. 

Having  in  view  these  various  advantages  the  author  proposed  to  the 
Austrian  Government  to  establish  an  electric  railway  from  Nusle  to  Mechenic. 
Each  motor  waggon  is  driven  by  accumulators,  and  so  forms  an  independent 
unit.  It  weighs  12  tons  complete,  and  is  driven  by  two  85  H.P.  motors; 
280  Tudor  cells  in  wooden  cases  are  employed. 

After  satisfactory  results  from  Nusle  to  Modram  (a  distance  of  12*8  km.), 
with  only  one  charging  there  and  back,  another  station  farther  in  the  country 
at  Konigsaal  was  chosen,  where  an  engine  and  dynamo  similar  to  those  at 
Nusle  were  established. 

Two  tables  arc  given  showing  the  results  of  the  tests  which  have  been 
made,  but  nothing  is  s>aid  on  the  financial  question.  E.  K.  S. 

768.  Racing  Automobile  by  the  Columbia  Company.  J.  B.  Entz  and  ' 
H.  P.  Maxim.  (Elect.  World  and  Engineer,  34.  pp.  9(37-969,  Dec.  28,  1899.)  ] 
— The  front  and  rear  wheels  arc  32  and  36  inches  respectively,  with  solid  , 
rujjbei  tyres  and  ball  bearings.  The  entire  driving  system  is  suspended  in  a 
self-contained  case,  or  **  torpedo,"  which  is  pivoted  on  the  rear  axle,  and  includes  1 
motor,  pinions,  balance  gear,  and  all  bearings.  The  forty-eight  all-lead  ^ 
accumulators  weigh  980  lbs.,  the  carriage  ready  for  them  1,200  lbs.,  the  S 
capacity  is  124  ampere  hours  at  22  ampere  discharge.  One  hundred  miles  were  J 
covered  at  an  average  of  12*9  miles  per  hour  for  18'6  kw.  hours  expended. 

A  further  60  miles  was  then  run  after  recharge  at  an  average  of  20  miles  pc 
hour.  M.  CC 

769.  kyUgcr  Electric  Car.    J.   Reyval.    (Eel.   Electr.  21.  pp.  481-48 
Dec.  80,  1899.)— The  author  describes  the  general  construction  and  design  > 

t/ie  latest  models^  as  well  as  of  previous  forms.    The  unusual  feature  of  the 
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cars  is  that  separate  motors  drive  each  of  the  front  steering  wheels ;  no 
differential  gear  is  in  consequence  used.  A  device  for  steering  by  means  of 
varying  the  two  motor  speeds  is  described,  but  has  been  abandoned.  Speed 
r^ulation  is  effected,  primarily,  by  changing  from  series  connection  of  accu- 
mulators to  the  two  halves  of  battery  in  parallel,  and,  secondarily,  by  \'arying 
the  motor  (field  and  armature)  connections.  Eight  speeds  arc  provided, 
giving  from  4  km.  per  hour  to  25  ;  diagrams  of  connections  are  given. 
Fuhnen  accumulators  are  used,  44  cells,  B  17  type,  weighing  104  kgs.  each. 
The  total  weight  of  vehicle  (Victoria)  with  battery  is  1,840  kgs.  The  car  is 
said  to  run  80  km.  on  one  charge,  at  an  average  speed  of  18  km.  per  hour. 
The  four-pole  motors  weigh  65  kgs.  each  ;  tliey  are  3  kw.  machines  working 
at  2,500  revolutions  per  minute,  and  have  an  efficiency  (maximum)  of  87  per 
cent.  Helicoidal  gearing,  with  a  ratio  of  16*5  to  1  speed  reduction,  transmits 
the  energy  to  the  driving  wheels,  and  the  efficiency  of  motor  and  gearing  is 
given  as  82  per  cent.  No  particulars  as  to  either  the  efficiency  or  the  depre- 
ciation of  the  accumulators  are  given.  A.  G.  N. 

770.  Method  of  Testing  Rail  Joints.  (Street  Rly.  Rev.  9.  p.  812,  Nov.  15, 
1899.) — The  Chase-Shawmut  Co.,  of  Boston,  Mass.,  have  introduced  a  device 
for  testing  joint  resistance.  It  consists  of  three  pole-spears,  wired  to  a  case 
containing  a  continuous  interrupter  and  a  telephone  attachment.  An  assistant 
strikes  two  of  the  poles  into  the  rails  about  18  inches  on  either  side  of  the 
joint,  and  the  operator  strikes  the  third  pole  into  the  rail  about  4  feet  from 
either  of  the  other  poles.  By  means  of  a  switch  the  operator  alternately 
throws  the  telephone  and  interrupter  into  the  circuit  containing  the  joint  and 
the  4  feet  of  rail.  He  then  adjusts  the  distance  apart  of  the  poles  until  the 
noises  from  both  circuits  are  nearly  equal,  getting  a  fine  adjustment  by 
balancing  one  circuit  against  the  other,  when  no  sound  at  all  should  be  heard 
if  their  resistances  are  equal.     The  ordinary  return  circuit  in  the  rail  is  used. 

iii.  H.  C.-H. 

771.  Electrolysis  oj  Water  Mains.  L.  I.  Blake.  (Elect.  World  and 
Engineer,  34.  pp.  984-985,  Dec.  16,  1899.) — Owing  to  the  greater  resistance 
of  the  joints  compared  to  the  pipe  itself,  water  mains  cannot  be  regarded  as 
uniform  conductors.  If  connected  to  the  return  of  an  electric  tramway  a 
portion  of  the  current  is  shunted  at  the  joint  by  the  water  inside  and  outside 
the  pipe,  causing  electrolytic  corrosion.  Numerous  tests  of  pipe  lengths  are 
given,  showing  that  from  80  to  90  per  cent,  of  the  resistance  occurs  in  the 
joints,  the  pipes  being  pitted  inside  and  outside  on  the  positive  side  of  the 
joint  to  a  depth  in  some  cases  of  i  inch.  L.  B. 


Merriman's  Contact  System.  (Elect.  Engin.  24.  pp.  467-468,  1899.) 
— ^A  mechanical  contact  system.  The  car  wheels  depress  the  short  arm 
d  a  lever  whose  other  end  (heavily  weighted  to  prevent  lighter  weights 
moving  the  le\*er)  brings  a  contact-pin  to  the  surface  plate.  E.  H.  C.-H. 


I 


773.  Track  Construction  Used  in  ScrantoHy  Pa.  (Street  Kly.  Rev.  9.  pp. 
744-746,  Nov.  16,  1899.  Paper  read  before  the  Pennsylvania  Street  Rly. 
Association,  Oct.  11-12, 1899.)--A  light,  67-lb.  T-rail  has  been  used,  strengthened 
at  the  joints  by  an  inverted  4-feet  length  of  the  same  rail,  placed  under  the  joint 
and  ^ecnred  by  eighteen  }-inch  rivets  driven  by  a  portable  pneumatic  riveter. 
FoBT  of  the  rivets  are  copper  and  form  bonds.  Other  inverted  lengths  of  old 
T-fail  are  us^ed  as  ties,  riveted  to  the  iqot  of  the  rail  every  10  feel ;  \Vi\^  '\u 
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addition  to  ordinary  tie  rods  at  10-feet  centres.  The  rails  rest  on  6  inches  of 
concrete,  and  the  paving  is  vitrified  brick  with  a  special  shaped  brick  next 
the  rail  fitting  into  the  web  and  having  a  groove  for  the  wheel  flanges. 

774.  Recuperation  of  Accumulators  on  Vehicles,  P.  Bunet.  (Ind.  Elect. 
8.  pp.  464-467,  1899.) — Sarcia,  in  1895,  published  the  results  of  experi- 
ments .on  the  Paris  accumulator  tramways,  which  conclusively  proved  that 
on  descents  a  considerable  portion  (from  28  to  42  per  cent.)  of  the  energy 
expended  in  ascending  could  be  returned  to  the  battery.  The  author  shows 
that  the  reason  why  this  result  has  not  been  utilised  on  tramways  is  that  it 
involves  the  use  of  a  shunt  motor,  which  takes  more  current  to  give  the  same 
torque  than  a  series  motor,  and  which  consequently  loses  in  efficiency  up- 
hill more  than  it  gains  by  recuperating  the  cells  on  a  down  gradient.  A 
shunt  motor  under  these  conditions  will  require  a  higher  discharge-rate  from 
the  battery  :  it  will  also  spark.  On  the  other  hand,  the  sparking  at  the 
controller  contacts  will  be  less  with  a  shunt  motor,  because  the  armature 
circuit  is  never  completely  broken  on  account  of  the  fields.  Starting  torque 
may  be  increased  by  compound  winding,  but  this  complicates  the  connections 
for  recuperation.  For  automobiles  the  conditions  are  different,  because 
there  are  fewer  stops  and  it  is  more  frequently  necessary  to  go  slowly. 

£.  H.  0.*ri. 

776.  Magnetic  Obsetvatories  and  Trolley  Wires.  S.  Wichter.  (Elektro- 
techn.  Ztschr.  20.  pp.  655-657,  1899.)  —  A  description  of  the  double 
trolley  line  adopted  in  Strassburg  to  prevent  magnetic  disturbances  due  to 
traction  currents.  The  forward  and  return  conductors  are  placed  80  cms.  J 
apart,  and  are  supported  by  a  compound  insulator  whose  constituent  parts 
are  connected  by  a  rod  of  insulating  material.  The  cars  are  provided  with 
double  trolley  poles.    The  arrangement  is  said  to  work  satisfactorily.      A.  H. 

776.  Illuminating   Power   of    the   Alternating   Arc.     A.    Blondel    and 

Jigouso.    (Eel.  Electr.  21.   pp.    141-142,    1899.     Paper  read   before   the 

Assoc,    frangaise,    Boulogne.)— The   illuminating   power  of  the  alternating 

arc  depends  to  an  enormous  extent  lupon  the  nature  and  diameter  of  the 

carbons,  on  the  density  of  the  current,  and  on  the  length  of  the  arc.    These 

details  must  be  kept  in  view  in  comparing  different  arcs.     Increasing  the 

frequency  of  the  alternations  is  not  necessarily  a  benefit ;  the  carbons  must 

be  selected  with  a  view  to  the  actual  frequency  employed.     Large  arcs  have 

much  higher  efficiency  than  small  ones,  but  within  limits  thinner  carbons  arc 

better.    The  duty  is  much  higher  if  the  curve  of  the  current  (not  of  the 

E.M.F.)  be  made  rectangular ;  but  there  is  as  3'et  no  applicable  method  o£ 

doing  this  on  a  commercial  scale.  The  total  luminous  flux  is  from  20  to 
40  per  cent,  less  with  alternating  currents  than  that  corresponding  *o^tfie 

same  amount  of  energy  with  continuous  currents  ;  the  amount  of  di€F    /nee 

depends  greatly  on  the  kind  of  carbons  and  on  the  voltage  under  which  they 

are  used.  A.  D. 
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TELEGRAPHY    AND    TELEPHONY. 

791.  Wireless  Telegraphy  at  High'  Altitudes,  J.  and  L.  Lecarme. 
(Comptes  Rendiis,  129.  pp.  689-591,  1899.)— Between  Mont  Blanc  (4,350  m. 
high)  and  Chamonix  (1,000  m.),  a  distance  of  12  km.,  signalling  was  uninter- 
rupted by  cloud  or  thunderstorm,  although  the  land  surface  was  free  from 
water  in  the  liquid  state.  The  starting  of  the  3-phase  electric  light  station  at 
Chamonix  entirely  stopped  possibility  of  communication.  M.  O'G. 

7^2.  ''Automatic"   Telephone  Call-Box.     i (Electrician,  44.    pp.    181-182, 
Dec.  1,  1899.) — Telephones  on  the  "  penny-in-the-slot "  principle  are  largely 
used  in  Copenhagen.    The  inventor  of  the  devices  here  described  is  L.  M. 
Ericsson,  of  Stockholm.    A  coin  of  the  value  of  10  ore  (about  IJd.)  is  required 
to  operate  the  calling  arrangement.     It  falls  between  two  forks,  which  are 
normally  insulated  from  each  other,  and  makes  connection,  across  the  forks, 
to  the  exchange.     Should  the  operator  give  connection  to  the  subscriber 
wanted  and  announce  the  fact,  the  caller  presses  one  of  two  buttons,  when  \ 
the  coin  falls  within  the  case  against  a  gong,  to  which  the  microphone  iSi 
attached,  and  this  is  heard  by  the  exchange  operator.     If,  on  the  other  hand^s 
the  subscriber  wanted  is  engaged,  the  caller  is  thus  informed,  and,  u] 
pressing  the  second  of  the  two  buttons  upon  the  exterior  of  the  case,  the 
is  restored  by  descending  a  vertical  flat  tube.    Telegrams  can  be  telephoni 
to  the  exchange,  the  operator  there  informing  the  caller  of  the  amount  to 
paid.    The  necessary  coins  are  then  dropped  through  two  slots  at  the  ri^t^ 
hand  top  corner  of  the  instrument ;  on  their  way  they  strike  against  gongs, 
means  of  which  the  operator  is  acquainted  with  the  amount  paid  in.    A1 
465  of  these  instruments  are  in  use.  E.  O. 

793.  Telephone  Conduit.     E.  Pi^rard.      (Electricien,   18.   pp.  818-81^ 
Nov,  11,  1899.) — In  Brussels  a  layer  of  slow-setting  cement  10  cm,  thick 
made  the  bed  for  glazed  pottery  tubes.    The  cement  consists  of  a  mixture 
calcium  carbonate  and  clay,  containing  at  least  20  per  cent  of  magnesia, 
made  at  least  three  months  before  use.     The  earthenware  pipes,  8*4  cm.  dis 
46  cm.  long,  which  have  an  oblique  joint,  are  laid  in  the  bed  and  cemented 
with  cement  mortar,  containing  550  kg.  cement  per  meter  cube  of  sand, 
whole  is  then  covered  in  with  cement  to  a  depth  of  10  cm.     Maixhoies 
used  ;  400  metres  is  tlie  length  of  a  run.  M.  Qt\ 
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7»4.  EtasikHy  of  Cast  Iron.  P.  A.  Thomas.  (Ann.  d.  Physik,  1.  2.  pp. 
n-aiS,  Feb.,  1900.)— This  is  a  criticism  of  the  inetliods  hitherto  adopted  for 
Ictennimng  the  elastic  cocfHciunts  of  iron  at  various  temperatures.  The 
uthor  discussed  the  sources  of  error,  and  points  out  that  tempcruturc  lias  an 
tScct  nfhicli  depends  upon  the  duration  of  e\po^*ure  to  it.  E.  E.  F. 

TWS.  ElaslicHy  of  Wires.  Q.  F.  C.  Searle.  (Phil.  Mag.  49.  pp.  193-199, 
Feb„1900.) — To  the  ends  of  a  wire  are  attached  parallel  rods  wliich  are  at 
nght  3LiigIe&  to  the  length  of  the  wire.  If  the  wire  executes  a  transverse  vilira- 
!i(n  in  the  plane  of  the  rods,  it  is  ulear  that  the  period  depends  on  the  inertia 
«( the  various  parts  {especially  of  the  rods)  and  on  the  resistance  to  bending, 
•Ucb  can  be  calculated  from  Young's  Modulus,  and  the  dimensions  of  the 
vtrc  To  the  middle  of  each  rod  is  attached  a  light  hook,  the  stem  of  which 
bat  right  angles  to  the  plane  of  the  rods.  The  system  is  suspended  by  two 
Kiisgi,  one  attached  to  each  hooit,  the  plane  of  the  rods  being  horizontal.  If 
I  6e  nrings  are  long  enough,  the  vibration  of  the  system  is  pracliciilly  free. 
~  B  the  period  of  the  ideal  vibration  can  be  approximately  determined,  and 
I  Yotng's  Sdodulus  can  be  calculated  with  the  aid  of  the  formulx  developed 
I  ■  the  pvper.  To  determine  the  Modulus  of  Rigidity,  one  of  the  rods  is 
^d  in  a  horizontal  position  to  a  suitable  support,  in  such  a  manner  tliat 
re  hangs  vertically  downwards.  The  time  of  vibration  of  the  rod  at  the 
1,  about  the  axis  of  the  uire,  is  then  determined,  and  the  Modulus  is 
■  afcnlated  in  the  uau^l  way. 

A  laMe  is  given  showing  the  results  obtained  with  various  wires.  In  certain 
s  the  relation  between  the  Moduli  is  such  that  Poisson's  ratio,  calculated 
a  (be  well-known  equation,  is  apparently  greater  than  0'5.  As  this,  if 
-rut.  would  imply  a  negative  bulk-modulus,  or  an  increase  of  volume  with 
naat  oi  hydrostatic  pressure,  the  author  infers  that  the  wires  in  question 
T  w  fair  from  being  isotropic  that  it  is  improper  to  apply  the  theory  of 
T^Rc  wlidi'  to  them."  A.  G. 

tL  fntk  of  Soap  Solviions.    D.  H.  Hall.    (Roy.  Dublin  Soc.,  Proc.  9. 
*-S,iai^) — It  is  proved  experimentally  that  the  liquor  derived  from  iVie 
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soap  than  the  original  solution.  There  must,  therefore,  be  a  concentration  of 
the  soapy  matter  after  the  formation  of  a  film.  The  author  points  out  that  this 
agrees  with  a  suggestion  by  Rayleigh,  made  in  connection  with  the  explana- 
tion of  the  stability  of  soap-bubbles  and  of  the  foam  of  frothing  liquids. 

A.  G. 

797.  Diffusion  of  Gases.  M.  Brillouin.  (Annal.  Chim.  Phys,  la 
pp.  483-448, 1899.)---This  paper  is  mathematical  and  treats  of  the  theory  of 
the  diffusion  of  gases  in  the  absence  of  porous  partitions.  It  is  shown  that, 
in  general,  difiFusion  must  be  taken  into  account  when  the  transmission  of 
sound  (with  its  condensations  and  rarefactions)  takes  place  through  a  gaseous 
mixture.  This  diffusion  causes  variations  in  composition  of  the  mixture, 
which  are  comparatively  great  when  the  densities  of  the  gases  forming  the 
mixture  are  very  dissimilar.  A.  G* 

798.  Directive  Action  of  one  Crystal  on  another.   J.  H.  Poynting  and  P.  L. 
Gray.    (Roy.  Soc,  Phil.  Trans.  192.  pp.  245-256, 1899.)— An  account  of  theaej 
experiments  has  already  been  published  in  the  Roy.  Soc.  Proc.    (See  1( 
Abstract  No.  777.)     In  the  present  paper  a  full  account  is  given  of 
apparatus  used  and  jthe  methods  of  observatioix,  also  of  the  equations 
motion.    On  the  assumed  law  of  force  the  result  implies  that  the  attracti< 
between  the  two  spheres,  with  distance  6*9  cm.  between  their  centres,  do 
differ  in  the  parallel  and  crossed  positions  by  as  much  as  Tsivu  ^^  ^^^  ^h< 
attraction.    The  result  found  for  the  semicircular  couple  implies  that 
attractions  between  the  two  spheres  with  5*9  cm.  between  their  centres, 
their  axes  parallel  and  respectively  in  like  and  unlike  directions,  do  not 
by  as  much  as  ^^Vu  o^  the  whole  attraction. 

This  limit  is  large,  owing  to  the  want  of  axial  symmetry  in  the  ap] 
which  produced  a  semicircular  couple.    This  couple  was  large,  and  thoi 
the  authors  attempted  to  eliminate  it  by  two  sets  of  observations  with  diff< 
azimuths  of  the  larger  sphere,  they  consider  that  in  all  probability  they  fa 

J.J- 


799.  On  a  Theorem  of  Clebsch's.    P.  Saurel.    (Phys.  Rev.  9.  pp. 
1899.) — Clebsch's  theorem  is  that  every  solution  of  the  equations  of  motioiij 
a  vibrating  elastic  solid  can  be  written  in  the  form — 

** ""  rf*  "*"  dy       dz 

dy       dz       dx 

dP  ,  dV      dll 

dz      dx       dy 

U,  V,  W,  being  three  solutions  of  the  equation -^jj  =  a'A^, 
and  P  being  a  solution  of  both  the  equations  -^^  =  6»aP  and— - 

dx^  dy^  dz 

where  «,  r,  w,  are  the  displacements.    The  present  paper  simplifies  Cll 
demonstration.  g, 
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800.  Hydrodynamics  and  Hertzian  Mechanics.  R.  Reiff.  (Ann.  d.  Physik, 
L  2.  pp.  225-231,  Feb.,  1900.) — Hertz's  system  of  mechanics  is  defined  by  the 
principle  that  the  forces  acting  upon  a  system  are  to  be  replaced  by  the 
coupling  of  this  system  with  a  second  system  in  such  a  manner  that  the  work 
performed  by  the  first  system  is  equal  to  the  increase  of  kinetic  energ\'  in  the 
second  S3rstem.  The  author  shows  that  in  a  continuously  varying  system,  such 
as  is  presented  by  a  perfect  liquid,  the  method  devised  by  Hertz  encounters 
serious  difficulties.  In  ordinary  dynamics,  the  hydrodynamic  pressure  appears 
as  the  potential  of  the  forces  derived  from  the  condition  of  the  preservation  of 
mass.  The  Hertzian  proposal  would  dispense  with  this  most  fundamental 
and  important  condition,  probably  the  most  firmly  established  in  physics. 

E.  E.  F. 

801.  EUctrical  Theory  of  Solar  Corona.    A.  Souleyre.    (Revue  Scientif. 

4.  pp.  622-627;  and  662-657,  1899.)— This  is  a  description  (too   lengthy  to 

abstract  in  detail)  of  the  probable  connections  existing  between  the  variations 

in  the   phenomena  of  solar  activity,  planetary  magnetic  and  geographical 

conditions,  and  interplanetary  perturbations,  based  on  the  supposition  that 

the  electrical  forces  undoubtedly  existent  in  the  solar  system  constitute  the 

determining  factors.    One  possible  cause  of  the  electrification  of  the  solar 

corona  is  stated  to  be  the  interaction  of  the  currents  produced  in  the  sun's 

atmosphere  by  variations  of  temperature,  in  a  similar  manner  to  our  terrestrial 

electrical  phenomena,  the  kinetic  energy  of  motion  being  partly  changed  into 

clcrctrical  cncrg\'.    The  varying  forms  of  the  coronal  structure  may  be  partly 

due  to  the  constantly  varying  attractions  of  the  other  planets.    After  showing 

that  the  two  chief  factors  in  this  action  will  be  Jupiter  and  Saturn,  data  are 

given  stating  the  degree  of  periodicity  which  would   be  expected  from  a 

consideration  of    the  planetary  movements.    That  produced   by  Jupiter  is 

<rikingly   similar   to  the  shorter  of  the   two  sun-spot  cycles,  viz.,  a  little 

more  than  eleven  years.    Saturn  would  give  rise  to  a  periodicity  of  about 

iwcnty-seven  years,  which  of  itself  is  not  represented  in  the  solar  phenomena 

a-,  at  present  known.     But  if  two  of  these  twent>'-seven  yearly  periods  of 

Saturn  ar^j  combined  with  five  of  the  eleven  yearly  periods  of  Jupiter,  it  is 

evident  that  a  long  periodicity  of  about  fifty-five  years  will  result.    This  is 

cIomtIv  in  agreement  with  the  ffreat  sun-spot  cycle  of  fifty-five  and  a  half  years. 

The  author  then  proceeds  tu  sum  up  most  of  the  known  cases  of  terrestrial 
phenomena  having  a  suspected  periodicity  of  similar  degree  to  the  sun-spot 
vvcle-,  giving  in  the  course  of  it  an  excellent  tlescription  of  the  zones  of  inter- 
fzren^t  produced  in  the  earth's  atmosphere.  Dealing  with  the  magnetic 
aini':. spheric  phenomena,  he  states  that  the  maxima  of  aurora  in  icmpcraie 
region^  approximately  coincide  with  the  minima  of  aurorae  in  Arctic 
rcgi'jn-..  and  that  it  is  likely  the  magnetic  poles  are  in  such  motion  as  to 
complete  a  revolution  in  six  hundred  years.  The  second  paper  applies 
sirnilar  reasoning  to  the  explanation  of  variations  of  latitude  and  the 
Inequalities  of  the  orbital  motion  of  Mercury  and  the  moon.  C.  P.  15. 

802.  WavC'J^ngth  of  Corona  Line.  C.  A.  Young.  (Astrophys.  Journ. 
10.  pp.  306-307,  1899.) — As  the  original  author  of  the  misidentification  of  the 
cxona  line  with  the  chromospheric  line  1,474  K  (X  6,317),  Young  replies  to 
tse  note  of  Campbell  in  the  October  number,  announcing  the  more  accurate 
^-aisc.  (See  1900,  Abstract  No.  456.)  Young  sees  no  ground  to  contest  the 
cocdiisions  of  Lockyer  and  Campbell  that  the  true  value  is  near  X  5,803,  th« 

rbhtoined     rliirinff    the     IHOft    enlin^i^     h^incr    nniti^    «;:;itt<s{ArArM'v 
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evidence.  The  reason  of  the  retention  of  the  error  was  the  uncertainty  of  the 
duration  of  totality  at  the  eclipses  of  1870  and  1878,  leaving  Young  no  time 
to  complete  his  observations  for  comparison  of  the  chromospheric  and 
coronal  lines.  It  is  noteworthy  that  at  the  new  wave-length  of  the  corona 
line  \  5,808,  there  is  no  line  of  the  solar  spectrum,  either  dark  or  bright,  nor, 
so  far  as  is  at  present  known,  is  there  any  line  of  any  known  terrestrial  sub- 
stance at  this  position.  C.  P.  B. 

SOQ.  Great  Sun-Spotf  Sepiembei,  1898.  J.  F6nyi.  (Astrophys.  Journ. 
10.  pp.  888-886, 1899.) — The  article  describes  the  phenomena  observed  during 
the  period  of  visibility  of  this  spot,  one  of  the  largest  that  has  been  seen  on 
the  solar  surface.  The  widespread  prevalence  of  aurorae  and  magnetic 
disturbances  were  specially  noticeable.  Spectroscopic  determinations  of  the 
distortion  of  lines  showed  the  matter  in  and  surrounding  the  spot  to  have 
velocities  as  high  as  470  km.  per  second.  C.  P.  B. 

804.  Solar  Eclipse  Problans.  G.  E.  Hale.  (Astrophys.  Journ.  11. 
pp.  47-66,  Jan.,  1900.) — ^The  author  gives  a  short  summary  of  the  most 
important  branches  of  solar  physics  which  it  is  advisable  should  receive 
attention  at  subsequent  total  eclipses.  These  include :  (1)  Naked-eye 
drawings  of  corona  ;  (2)  Drawings  at  the  telescope ;  (8)  Colour  of  corona  and 
prominences ;  (4)  Small  scale  photographs  of  corona ;  (6)  Photographs  of 
corona  during  partial  phase  before  and  after  totality  ;  (6)  Photographic  search 
for  possible  intra-mercurial  planets ;  (7)  Large-scale  photographs  of  corona 
and  prominences;  (8)  Distribution  of  coronium  ;  (9)  More  accurate  value  for 
wave  length  of  green  corona  line  ;  (10)  Photographs  of  spectrum  of  chromo- 
sphere ;  (11)  Photographs  of  spectrum  of  corona ;  (12)  Heat  radiation  of 
corona.  C.  P.  B, 

806.  Escape  of  Gases  from  Planetary  Atmospheres,    S.  R.  Cook.    (Astro- 
phys. Journ.  11.  pp.  86-48,  Jan.,  1900.) — The  author  extends  the  work  of  G. 
Johnstone  Stoney  (see  Astro- Phys.  Journ.  7.  p.  25,  Jan.,  1898 ;  Trans.  Roy. 
Dublin  Soc.  vi.  part  13),  by  determining,  with  the  aid  of  the  kinetic  theory, 
the  relative  number  of  molecules  which  would  have  a  velocity  sufficient  to 
enable  them  to  escape  from  the  earth  or  planet,  assuming  there  be  no:j 
retarding  media.    This  velocity  he  designates  the  critical  velocity  of  the 
The    result    indicates    that   the    amount   by  which    the   various  planetary' 
atmospheres  are  being  diminished  is  exceedingly  small.    The  conditions^ 
have  been  computed  under  four  different  sets  of  assumptions,  based  on  thm' 
observations  of  Stoney,  Cleveland  Abbe,  and  Ferrel.  C.  P.  B. 

806.  Earthquake  ofBalikesri  {A  sia  A/.)  of  September  14, 1896.     G.  Agameil* 
none.    (Accad.  Lincei  Atti,  8  pp.  865-868, 1899.) — Balikesri  is  the  only  plaofti 
known  where  the  earthquake  did  any  damage,  the  intensity  being  7-8^,  ofltj 
the  scale  De  Rossi-Forel.    It  is  very  probable  that  the  epicentre  was  som< 
where  about  this  locality,  the  latitude  being  40°  N.  and  the  longitude  28^ 
of  Greenwich.    The  author  points  out  that  there  appear  to  have  been  b 
seismic  waves.     By  comparing  the  indications  of  the  instruments  at  Padt 
and  Nicolayef  with  those  at  Constantinople  he  determines  the  velocity  of  tl 
more  rapid  waves  to  be  about  8i  kilometres  per  second.    The  rapid  wav 
are  probably  longitudinal.    The  slower  waves  are  probably  transversal,  ai 
are  due  to  the  surface  of  the  earth  moving  up  and  down  in  a  mode  analo|^ 
to  the  waves  of  the  sea;   the  velocity  of  their  maximum  phase  is  ab 
2i  kilometres  per  second.  ^ 
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807.  Roman  Earthquake  of  July  19, 1899.  P.  Tacchini.  (Accad.  Lincei 
Atti,  8.  pp.  291-296,  1899.)— The  principal  shock  at  Rome  was  of  intensity 
VII.— VIII.,  on  the  scale  De  Rossi-Forel.  According  to  Cancani  the  epicentre 
near  Frascati,  Grottaferrata,  and  Marino. 

The  table  given  below  indicates  the  velocity  of  the  leading  seismic  waves. 


Distance   > 

from      I 

epicentre.  , 


Place. 


Time  of  beginninfi 
(t.m.C.E.). 


Apparent 

vehKlty 

per  second. 


20  km. 
160 
170 
250 
400 
490 
520 


»i 


>» 


If 


jy 


i» 


»> 


I 


I 


Rome I    14 

Ischia !     14 

Portici  (Naples)   |    14 

Quarto  (Florence)   ;    14 

Padua 14 

14 
14 


Lubiana  (Carniola) 
Catania 


m. 
18 
19 
19 
19 
20 
21 
21 


65±8 
37 
21 
26±2 

7 
58 

2 


8-83  km. 

500 

7-42 

5-28 

2-57 

3-94 


It  is  pointed  out  that  the  differences  can  be  partly  attributed  to  the 
oneqaal  sensibilities  of  the  instruments.  If  the  assumption  be  made  that 
some  of  the  instruments  were  too  coarse  to  indicate  the  leading  waves,  the 
foUomng  slightly  different  values  for  the  velocity  are  obtained  :  4'00  (Ischia), 
8-93  (Portici),  9*58  (Quarto),  5-85  (Padua),  2-67  (Lubiana),  4*17  (Catania). 

So  far  as  is  known  there  were  no  preliminary  shocks,  and  no  precursory 
pbenomena.  A.  G. 

808.  Earthquake  in  Emilia,  March  4-5,  1899.  G.  Agamennone. 
(Accad.  Lincei  Atti,  8.  pp.  821-326,  1899.)— The  epicentre  was  at  lat.  N. 
44|^  long.  10}°  E.  of  Greenwich.  The  maximum  intensity  was  VIII.  on 
the  scale  De  Rossi-Forel.  The  author  mentions  the  difficulty  of  obtaining 
reliable  data  for  determinations  of  the  velocity  of  the  seismic  waves ;  applying 
the  method  of  least  squares,  he  obtains  a  mean  value  of  2,900  metres  per 
second.  It  is  of  interest  to  compare  this  mean  with  the  values  determined 
from  limited  data,  more  or  less  reliable.  The  velocity  from  Padua  to  Rome 
OQoes  out  to  be  2,600  metres  per  second,  from  Florence  to  Rome  4,100  metres 
per  second.  The  first  value  is  perhaps  too  small,  because  the  instrument  at 
Rome  was  less  sensitive  than  that  at  Padua ;  whilst  the  second  value  is  perhaps 
too  high,  because  the  instrument  at  Rome  was  more  sensitive  than  that  at 
Fkvence.  A  calculation  of  the  velocity  of  maximum  phase  would  lead  to 
results  still  more  erratic.  A.  G. 
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LIGHT. 

809.  Refraciive  and  Magnetic  Rotatory  Powers  of  Aromatic  Hydrocarbons 
mnd  Refractive  Powers  of  Mixtures.  W.  H.  Perkin.  (Chem.  Soc,  Proc.  15. 
pp.  237-238.  Discussion,  p.  238,  1899.)— The  author's  results  lead  to  the 
following  conclusions  :  Replacement  of  a  hydrogen  atom  by  a  methyl  group 
gives  a  larger  value  for  the  refractive  power  when  the  replacement  occurs  in 
the  nucleus  than  when  it  takes  place  outside.  In  the  latter  case  the  results 
are  higher  than  the  calculated,  but  the  difference  tends  to  vanish  as  the 
distance  of  the  substituent  group  from  the  nucleus  increases.  With  the 
magnetic  rotation,  on  the  other  hand,  a  change  in  composition  of  CHf 
produces  a  smaller  increase  when  in  the  nucleus  than  when  outside  it.  These 
results  hold  for  4  and  probably  for  the  whole  6  replacements.  Measurements 
of  the  refractive  powers  of  various  mixtures  of  fatty  as  well  as  aromatic 
compounds  show  that  when  the  two  constituents  of  a  mixture  have  very 
widely  different  indices  of  refraction  the  specific  or  molecular  refraction  is 
considerably  lower  than  the  calculated  value,  but  that  when  the  separate 
indices  are  nearly  equal  the  calculated  and  experimental  numbers  show  good 
agreement.  T.  H.  P. 

810.  Great  Refracting  Telescope,  Paris,  1900.    (Scientific  American,  81.  pp. 
29&-299, 1899.) — This  is  an  interesting  description  of  the  large  refractor  being 
constructed  by  Gautier  for  the  Paris  Exhibition  of  1900.    Full  details  are 
given  of  the  apparatus  for  substituting  either  a  visual  or  photographic  lens. 
The  objectives  are  4*1  feet  in  diameter,  with  a  focal  length  of  about  197  feet. 
These  are  fed  with  light  from  the  celestial  bodies  by  means  of  a  siderostat,  '*.;! 
the  mirror  of  which  is  6*56  feet  in  diameter.    On  account  of  the  uncertain  % 
w^eather  in  Paris  it  is  probable  that  the  instrument  will  be  set  up  at  some^ 
distance  from  the  city.  C.  P.  B.' 

811.  Calibration  of  Slit  in  Spectro-photomctry.    E.  V.  Capps.    (AstrophysJ 
Journ.  11.  pp.  25-85,  Jan.,  1900.) — This  article  deals  first  with  the  descripti< 
of  the  intensity  curve  of  the  spectrum,  proceeding  to  describe  the  ne#' 
spectro-photometer  designed  by  G.  B.  Brace,  of  Nebraska  University,  wii 
which  the  work  has  been  performed.    Great  difficulty  was  found  in  obtain!] 
a  source  of  light  which  should  at  once  be  constant,  uniform,  and  of  go 
intensity.    The  form  finally  adopted  was  a  specially  made  incandescent  lam] 
having  a  flat  filament  about  12  mm.  wide,  which  was  placed  about  12 
from  the  slit.    The  artificial  variation  of  one  of  the  sources  of  light 
obtained  by  a  notched  rotating  sector,  the  proportions  of  which  were 
that  the  intensity  was  diminished  one-eighth  of  the  whole  for  every  ad^ 
of  one  notch.    Curves  and  tables  are  given  of  the  settings  obtained,  showr 
that  in  the  case  of  a  crown  glass  prism  the  intensity  increases  faster  than  t 
width  of  the  sUt  in  the  red  and  blue,  but  slower  in  the  yellow.     Using  a  ft 
glass  prism  the  general  result  is  the  same,  but  not  so  pronounced  in  degr 
From  the  experiments  the  following  conclusions  may  be  drawn  : — 

(1)  The  direct-ratio  law  holds  for  only  two  points  in  the  spectn 
corresponding  approximately  to  wave-lengths  \  6,200  and  X  5,700.  (2)  *3 
'variation  is  gresLtest  in  the  red  and  blue  regions  of  the  spectrum,  and  ! 
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But  for  a  good  result  the  interval  between  the  shutter  and  the  plate  must  be 
not  over  01  mm.,  and  the  edges  of  the  slit  must  be  sharp  and  carefully 
bevelled  so  as  to  exclude  disturbance  by  reflection.  E.  E.  F. 

814.  Photographic  Intake  in  Stratified  State,  A.  Trillat.  (Comptes  Rendus, 
130.  pp.  170-172,  Jan.  22,  1900.) — The  author  has  succeeded  in  depositing  the 
amorphous  silver  of  a  photographic  image  in  a  stratified  state. 

The  plate  is  polished  and  hardened  and  exposed  to  the  action  of  the 
vapour  of  nitric  acid.  This  dissolves  the  silver,  which  remains  in  the  gelatine 
in  a  colloidal  condition.  It  is  then  precipitated  by  exposure  of  the  plate  to  a 
stream  of  sulphuretted  hydrogen,  and  assumes  a  stratified  form,  showing 
iridescent  colours.  There  is  no  relation  apparent  between  the  colours  obtained 
and  the  real  colours  of  the  object  photographed,  but  the  colours  seem  to  vary 
with  the  thickness  of  the  silver  deposit,  and  the  author  was  able  to  artificially 
localise  colours  corresponding  to  the  actual  colours.  G.  H.  B. 

815.  Law  of  Reciprocity  for  Bromide  of  Silver  Gelatine.  K.  Sch>varzschild. 
(Astrophys.  Journ.  11.  pp.  89-99,  Jan.,  1900 ;  Photographische  Corre- 
spondenz,  1899.) — The  law  of  reciprocity  states  that  the  degree  of  blackening 
is  the  same  when  the  product  of  the  intensity  of  the  light,  I,  and  the  time  of 
exposure,  /,  is  constant.  Abney  and  others  have  found  deviations  from  this 
law,  and  the  author's  experiments  confirm  these.  He  obtains  the  formula 
I  X  /®*^  =  constant  for  constant  blackening,  employing  Schleussner's  plates, 
and  varying  the  exposures  from  8  to  5,000  seconds  and  the  intensity  of  light 
from  one  to  a  thousandfold. 

If  the  exposure,  instead  of  being  continuous,  is  interrupted,  the  total  time 
of  exposure  remaining  however  the  same,  the  resulting  blackening  is  diminished. 
In  the  experiments,  which  are  fully  described  in  the  paper,  the  exposure  was 
made  through  a  rotating  disc  with  one  or  more  slits,  and  each  exposure  was 
interrupted  a  considerable  number  of  times.  The  diminution  of  blackening 
due  to  intermittence  depends  on  two  quantities  ;  it  increases  with  the  ratio  of 
the  time  of  interruption  to  that  of  exposure,  and  it  increases  as  the  quantity 
of  light  reaching  the  plate  during  each  single  exposure  diminishes.  If  this 
quantity  exceeds  what  the  author  terms  its  limiting  value,  i.e.,  a  value  which  of 
itself  produces  a  barely  appreciable  blackening,  the  effect  of  the  intermittence 
is  inappreciable,  whatever  the  total  length  of  exposure  or  the  intensity  of  the 
light,  but  below  the  limiting  value  the  smaller  the  quantity  of  light  the  greater 
is  the  effect  of  the  intermittence.  In  one  case,  when  the  time  of  interruption 
was  twenty-three  times  as  long  as  that  of  exposure,  the  diminution  of  blacken* 
ing  amounted  to  40  per  cent.,  but  when  the  times  were  equal  the  effect  was 
very  small.  No  appreciable  influence  is  due  to  the  degree  of  blackening  and 
total  length  of  the  exposure,  or  to  the  luminous  intensity.  G.  H.  B. 

816.  Decomposition  of  Luminous  Vibrations,  C.  Fabry.  (Comptes  Rendus, 
130.  pp.  238-241,  Jan.  29,  1900.)— If 

4:=F(0 

be  the  law  of  a  luminous  vibration,  the  function  F  can,  under  certain  con- 
ditions as  to  continuity,  be  represented  by  a  Fourier  integral, 

•  00 


i 


Fit)  =  L{q)  sin  2rigt-a)dq, 
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and  vvc  may  then  say  that  the  movement  represented  by  the  first  equation  is 
the  superposition  of  an  infinity  of  pendular  movements,  the  movement  of 
frequency  q  having  the  amplitude  ^  (q)  and  the  phase  a.  The  distribution  of 
energy  in  the  spectrum  will  then  be  represented  as  a  function  of  the 
frequency,  by 

w=w?)]'. 

H.  Poincare  has  raised  the  objection  that  the  above  integral  represents  the 
function  F  for  all  values  of  /,  even  for  periods  after  the  extinction  of  the 
source.  This  sounds  paradoxical,  but  it  is  nevertheless  true,  and  a  grating 
would  continue  to  show  a  spectrum  for  an  indefinitely  long  time  after  the 
source  had  been  extinguished  if  it  were  as  perfect  as  the  theory  demands,  i.e., 
if  the  number  of  lines  were  infinite  and  its  power  of  resolution  were  perfect. 
The  infinite  prolongation  of  the  radiation  would  imply  an  infinite  supply  of 
energy,  but  this  also  is  not  surprising,  since  the  incident  wave- train  would 
have  to  be  of  infinite  extent.  Thus  the  objection  raised  by  Poincare,  while 
theoretically  correct,  fails  to  impair  the  practical  usefulness  of  Gouy's  theory. 

E.  E.  F. 

817.  Constitution  of  White  Light,  E.  Carvallo.  (Comptes  Rendus,  180. 
pp.  79--82,  Jan.  8,  1900.) — ^The  author  throws  doubt  on  the  supposition 
that  white  light  is  due  to  a  damped  vibration.  This  is  not  in  agreement  with 
the  observations  of  Morton  and  of  Langley  with  regard  to  the  distribution  of 
intensity  in  the  spectrum.  If  white  light  were  due  to  a  damped  vibration  of 
the  type  c-*^  sin  ht,  the  grating  spectrum  would  not  give  different  colours  but 
white  \ig!ni  over  its  whole  area.  The  fault  of  the  accepted  theory  lies  in  its 
neglect  of  the  intensities  of  radiation,  which  in  isolated  regions  are  insensible 
to  the  eye,  but  which  become  of  notable  proportions  when  the  formation  of 
a  Fourier  series  is  in  question.  E.  E.  F. 

818.  White  Light  and  Rontgen  Rays.    E.  Carvallo.    (Comptes  Rendus, 

180.  pp.  130-132,  Jan.  15,  1900.) — The  effectiveness  of  gratings  in  giving 

to  each  colour  a  definite  and  constant  intensity  for  any  given  source  of  light, 

without   the  various  radiations  interfering  with   each  other,  owing  to  the 

coherent  differences  of  phase  implied  in  Fourier's  formulae,  points  out  the 

independence,  and,  so  to  speak,  the  individuality  of  each  radiation.     If,  for 

instance,  the  two  D  lines  of  sodium  arise  from  the  decomposition  of  a  single 

movement  of  invariable  form,  they  must  have  the  same  difference  of  phase  at 

the  beginning  of  each  disturbance.     In  that  case  they  will  produce  beats  by 

their  interference.     If,  on  the  other  hand,  they  are  due  to  two  vibrations 

which  have  an  independent  origin,  no  regular  link  will  exist  between  the 

l^iases  of  the  two  components.    The  decision  of  this  question  by  experiment 

appears  very  difficult,  but  with  the  aid  of  a  revolving  mirror  it  might  be 

possible  in  the  case  of  two  lines  much  closer  together.    The  author  inclines 

to  the  belief  that  Rontgen  rays  are  due  to  a  non-periodic  disturbance.    This 

belief  is  confirmed  by  the  absence  of  refraction  and  diffraction,  for  the 

author  has  previously  shown  that  the  front  of  every  disturbance  in  the  ether 

is  propagated  in  any  medium  with  the  velocity  of  light  in  space,  but  that  the 

distarbaiice  is  deformed  in  the  course  of  its  propagation.     Even  in  periodic 

disturbances  this  is  the  case,  but  for  these  the  periodicity  is  re-established  in 

every  point  at  the  end  of  a  certain  time  after  the  wave-front  has  passed  the 

pomt.     Hence  the  apparent  slowness  of  propagation  and  refraction.    These 

are  doe  solely  to  periodicity,  and  Rontgen  rays  do  not  eyYuVAl 
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refraction  on  account  of  their  lack  of  periodicity.  Hence  their  nature — that 
is,  the  form  of  the  disturbance — must  be  modified  as  they  penetrate  growth 
into  bodies,  and  the  var3ring  character  of  the  secondary  radiation  studied  by 
Sagnac  is  accounted  for.  E.  E.  F. 

819.  Constitution  of  White  Light,  Gouy.  (Comptes  Rendus,  180.  pp. 
241-244,  Jan.  29,  1900.) — ^The  author  criticises  Carvallo's  objections  to 
regarding  white  light  as  composed  of  damped  oscillations.  (See  the  two 
preceding  Abstracts.)  The  simple  oscillations  which  together  are  supposed 
to  make  up  white  light  are  purely  fictitious,  but  they  enable  us  to  calculate 
the  total  energy  spent  between  two  given  epochs.  Carvallo's  contention  that 
if  white  light  were  composed  of  damped  oscillations  of  the  type  er**  sin  ht,  a 
grating  would  only  yield  white  light  from  a  white  source,  is  vitiated  by  the 
fact  that  it  involves  an  integration  over  the  whole  of  time,  which  does  not 
enter  into  practical  physics.  Damped  oscillations  form  a  workable  hypo- 
thesis, but  not  the  only  possible  h3rpothesis.  £.  £.  F. 

820.  Optical  Problems.  C.  Godfrey.  (Roy.  Soc,  Proc.  65.  pp.  81S- 
819,  1899.) — The  author  points  out  that  the  solution  usually  given  of  the 
differential  equation  which  governs  the  propagation  of  plane  polarised  light 
is  applicable  only  to  a  train  of  waves  without  beginning  or  end,  whereas 
in  nature  he  says  no  radiation  has  this  property.  He  suggests  a  solution 
by  means  of  Fourier's  integrals,  thus — 

/■(/)=     (C  COS  «/ +  S  sin  mO  ^«*» 

1  r~ 

where —  ^  ~  ~  I  •^(*')  ^^^  ^^  ^^» 

J  — oo 


1  f" 

=  -J/('')si 

J  — oo 


oo 

sin  uv  dvy 

oo 


SO  that/(/)  is  the  sum  of  simple  circular  functions  of  time.  It  is  proved  that 
this  process  is  legitimate  when  /(/)  is  such  a  function  of  time  as  occurs  in 
physical  problems.    The  method  is  applied  to  various  cases  of  radiation. 

S.  H.  B« 

1 

821.  Magneto-Optic    Rotation.     J.    Larmor.    (Cambridge    Phil.    Soc.,    \ 

Proc.  10.  pp.  181-182,  1899.)— When  in  a  material  molecule  there  exists  an   J 
independently  vibrating  group  of  ions  or  electrons,  for  all  of  which  tho. 
^  ratio  e/m  of  electric  charge  to  inertia  is  the  same,  then  the  influence  of  a" 
magnetic  field  H  on  the  motions  of  this  group  is  precisely  the  same  as  that  I 
of    a  rotation    with    angular    velocity  oi,  equal   to    i^H/mC*,  imposed  on 
the  group  around  the  axis  of  the  field,  on  the  hypothesis  that  the  extra- 
neous forces  acting  on  the  ions  are  symmetrical  with  respect  to  this  axis 
(Phil.   Mag.,   Dec,   1897.)     This  result  involves  the  main  features  of   thf 
Zeeman  effect ;  it  requires  that  the  separations  of  the  doublets  represent 
ing  the  spectral  lines  arising  from  such  a  group  must   all  be  equal  whc 
measured  in  difference  of  frequency,  or  be  inversely  as  the  square  of  tl 
wave-length  in  vacuum  when  measured  in  difference  of   wave-length, 
relation  which  Preston  has  recently  found  to  obtain  for  the  natural  series 
lines  in  ordinary  spectra. 
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The  author  here  points  out  that  it  is  possible  to  deduce  the  Faraday  effect 
from  the  Zeeman  effect  by  general  reasoning  as  regards  any  medium  in 
which  the  optical  dispersion  is  mainly  controlled  by  a  series  of  absorption 
bands  for  which  the  Zeeman  effect  obeys  the  above  law,  without  its  being 
necessary  to  introduce  any  special  dynamical  hypothesis.  For  this  law 
ensures  that  the  effect  of  the  magnetic  field  on  the  periods  of  the  corre- 
sponding free  vibrations  of  the  molecules  is  the  same  as  that  of  a  bodily 
rotation,  say  with  angular  velocity  w,  round  its  axis ;  while  the  complete 
circular  polarisations  of  the  Zeeman  doublets,  viewed  in  the  direction  of 
the  axis,  show  that  their  states  of  vibration  are  symmetrical  with  respect 
to  that  axis.  Thus,  Q  being  the  angular  velocity  of  the  displacement  vector 
in  a  train  of  circularly  polarised  waves  traversing  the  medium  along  its 
axis,  the  state  of  s)mchronous  vibration  which  it  excites  in  the  molecules 
will  have  exactly  the  same  formal  relation  to  this  train  when  the  magnetic 
field  is  off  as  it  would  have  to  a  train  with  the  very  slightly  different  angular 
velocity  Q±«  when  the  magnetic  field  is  on,  the  sign  being  different 
according  as  the  train  is  right-handed  or  left-handed.  Now  change  of  this 
angular  velocity  O  means  change  of  period  of  the  light :  thus  the  propaga- 
tion of  a  circularly  polarised  wave-train,  when  the  field  is  on,  is  identical 
with  that  of  the  same  wave-train  when  the  period  is  altered  by  its  being 
carried  round  with  angular  velocity  ±  w,  and  there  is  no  influencing  mag- 
netic field.  This  last  result  has  been  employed  by  Becquerel  as  a  single 
hypothesis  from  whtch  to  deduce  quantitatively  both  the  Zeeman  effect 
and  the  Faraday  effect,  and  thus  correlate  them.  (See  1898,  Abstract 
No.  115.) 

The  preceding  argument  forms  a  general  dynamical  justification  of  this 
hypothesis  for  the  case  of  all  media  in  which  the  ordinary  gradient  of  dis- 
persion is  mainly  controlled  by  one  or  more   powerful  absorption   bands 
beyond  the  visible  spectra,  for  which  the  Zeeman  constants  are  the  same  ; 
it  also  shows  that  Becquerel's  hypothesis  has  an  approximate  validity  when 
these  constants  are  nearly  the  same  for  all   the  effective  bands.     In  the 
immediate  neighbourhood  of  any  single  band  the  dispersion  is  anomalous, 
and  is  controlled  practically  by  that  band  alone  :  the  application  will  then 
be  exact,  and  in  Becquerel's  hands  it  has  given  a  complete  account  of  the 
excessive  and  anomalous  Faraday  rotation  first  observed  by  Macaluso  and 
Corbino  in  sodium  vapour  for  light  adjacent  to  the  D  lines.    These  simple 
general    conclusions  are  consistent  with   the  results  of   the  more  special 
dynamical  investigations  by  Fitzgerald  and  Voigt. 

£For  a  further  account  of  the  subject  of  this  paper,  and  abstracts  of  some 
of  the  papers  quoted,  reference  may  be  made  to  Abstracts  Nos.  115-120,  and 
Nos.  755-759  (1898) ;  also  Nos.  246  and  422-427  (1899).]  J.  J.  S. 


Theory  of  Magneto-Optic  Effects,  W.  Voigt.  (Ann.  d.  Physik,  1.  2. 
pp.  38^-8Wt  Feb.,  1900.) — ^The  author  extends  his  theory,  which  was  hitherto 
limited  to  waves  propagated  parallel  or  normal  to  the  magnetic  lines  of  force, 
by  allomng  the  waves  to  be  propagated  in  any  direction.  The  complete 
final  formulae  are  very  complicated.  Their  discussion  is  therefore  limited  to 
the  t^FO  practically  most  important  cases,  where  the  line  investigated  belongs 
to  a  region  of  nearly  vanishing  absorption,  or  lies  in  the  neighbourhood  of  a 
sisarp  absorption  band.  The  first  case  yields  formulae  for  a  kind  of  gene- 
nltsed  Faraday  effect,  the  latter  gives  those  for  the  general  inverse  Zeeman 
The  latter  may  also  be  applied  to  the  absorption  bands  tV\em?.e\\^^, 
flicy  thiis»  with  the  aid  of  KirchhoFs  theorem,  yield  the  laws  of  the  d\te^ 
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Zeeman  effect  in  any  direction  of  propagation.  The  differences  in  velocity, 
absorption,  and  ellipticity  encountered  in  passing  from  a  sharp  absorption 
band  to  a  region  of  vanishing  absorption,  are  remarkably  great.  E.  E.  F. 

823.  Arc  Spectrum  of  Vanadium,  B.  Hasselberg.  (Astrophys.  Journ. 
10.  pp.  343-861,  1899  ;  11.  pp.  67-88,  Jan.,  1900  ;  Kongl.  Svenska.  Vetenskaps- 
Akademiens  Handlingar,  32.  2.  1899.)— This  is  the  fifth  of  a  series  of  investi- 
gations the  author  is  undertaking  with  a  view  of  placing  the  spectroscopy  of 
the  metallic  elements  on  a  substantial  basis.  The  spectra  are  taken  with  a 
plane  diffraction  grating,  and  much  of  the  paper  is  devoted  to  the  discussion 
of  the  probable  impurities.  Tables  are  given  showing  the  wave-lengths  and 
intensities  of  about  450  lines  which  the  author  concludes  are  certainly  due  to 
vanadium.  The  measuring  apparatus  and  method  of  reduction  by  interpola- 
tion formulae  are  also  fully  described.  C.  P.  B. 

824.  Use  of  Concave  Gratings,  G.  B.  Rizzo.  (Accad.  Sci.  Torino,  Atti, 
34.  15a,  pp.  794-799, 1898-99.) — Instead  of  Rowland's  normal  position  of  the 


telescope  or  sensitive  plate  at  C  (sec  diagram),  the  author  places  it  at  C,  in  a 
position  such  that  sin  0  =  2  sin  /.  He  thus  obtains  a  normal  spectrum  which, 
while  as  regular  as  that  of  Rowland,  is  considerably  more  brilliant.     E.  E.  F. 

826.  Kinetics  of  a  Line  Spectrum,  E.  Riecke.  (Ann.  d.  Physik,  1.  2.  pp. 
399-413,  Feb.,  1900.) — It  is  usually  assumed  that  the  luminous  molecules  of  a 
gas  are  composed  of  a  number  of  vibrating  atoms,  and  that  the  vibrations 
of  the  atoms,  or  rather  of  the  ions  attached  to  them,  produce  the  light- 
waves in  the  ether.  If  the  number  of  such  ions  is  finite,  the  condition  of 
the  vibrating  molecule  will  be  defined  by  a  finite  number  of  general  co- 
ordinates. This  conclusion  is,  however,  rendered  doubtful  by  the  existence 
of  the  multiple  series  of  vibration  numbers  discovered  by  Kayscr  and  Runge, 

which  may  be  represented  by  formulae  of  the  type  a ^  —  -j.    If  these 

series  consist  of  an  infinite  number  of  superimposed  partials,  a  molecule 
with  a  finite  number  of  degrees  of  freedom  does  not  suffice  for  their  produc- 
tion. The  author  endeavours  to  find  a  mathematically  correct  and  an  easily 
imagined  system  capable  of  explaining  the  series  of  oscillations.  The  S3rstem 
has  the  general  nature  of  a  set  of  concentric  rings.  E.  E.  F. 

826.  New  MagnetoOptic  Effect,    R.  Dongier.    (Comptes  Rendus.  180» 

pp.  244-245,  Jan.  29,  1900.) — The  author  has  discovered  a  partial  polarisation 

of  the  light  emitted  by  vacuum  tubes  under  the  influence  of  a  magnetic  field* 

//  js  best  observed  in  the  case  of  the  red  rays  emitted  by  hydrogen  under  the 
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spark  discharge.  With  a  magnetic  field  of  4,000  units  acting  at  right  angles 
to  the  axis  of  the  tube,  an  ordinary  lipectroscope  only  shows  a  ditninution  in 
the  intensity  of  the  radiation.  But  a  Savart  polariscope  reveals  the  fact  that 
the  radiation  has  become  partially  polarised.  The  tight  emitted  in  a  plane 
normal  to  the  axis  of  the  tube  differs  according  to  its  azimuth.  The  greatest 
proportion  of  polarised  light  is  found  in  a  direction  normal  to  both  the  tube 
and  the  field.  There  are  two  such  directions,  and  they  again  differ  in  optical 
properties  among  themselves.  That  direction  shows  the  maximum  of 
polarised  light,  which  is  such  that  the  observer  can,  by  a  right-handed 
rotation  of  W,  bring  the  vector  representing  the  magnetic  iield  into  co- 
incidence with  the  vector  of  the  electric  field  inside  the  tube.  The  fringes 
observed  can  in  fact  be  made  to  appear  and  disappear  by  commutating  either 
the  current  or  the  field.  A  red  glass  should  he  used  to  intercept  the  other 
rays.  Similar  effects,  though  less  well  marked,  are  observed  in  nitrogen, 
carbonic  acid,  argon,  and  chlorine.  E.  E.  F. 

827.  Absorption  of  Rontgen  Rays  by  Aqueous  Solulions  of  Metallic  Salts. 
Blythswood  and  E.  W.  Harchant.  (Roy.  Soc.,  Proc.  65.  pp.  418-126, 
1809.) — ^The  absorption  produced  by  normal  aqueous  solutions  of  metallic 
salts  having  the  same  acid  ladicle.  increases  with  increase  of  atomic  weight 
of  the  base.  Metals  belonging  to  the  alltali  group  are  not  very  absorbent, 
nvitber  are  those  belonging  to  the  Ca,  Sr,  and  Ba  groups,  their  atomic  weight 
txring  talien  into  consideration.  Bromides  and  iodides  of  the  metals  are  all 
highly  3bsort>eiit.  With  the  three  common  acids  the  order  of  increasing 
at>sorptive  power  is  nitrate,  chloride,  sulphate.  The  absorption  produced  by 
a  >all  is  dependent  mainly  on  the  atomic  weight  of  its  constituents.  The 
amount  of  absorption  produced  by  a  given  thickness  of  a  solution  of  a 
metallic  salt  is  not  proportional  to  the  amount  of  salt  in  solution,  but  appears 
to  follow  approximately  a  logarithmic  law.  The  amount  of  absorption  varies 
logarithmically  with  the  thickness  of  the  solution  traversed  by  the  rays,  and 
the  percentage  absorption  may  be  represented  by  an  equation  of  the  form 
/■^Iog(X/  +  ;i),  where  X  is  a  constant,  depending  on  the  nature  of  the  solu- 
tion and  on  the  penetrative  power  of  the  X-rays,  and  /  is  the  thickness  of  the 
solution  traversed.  For  the  apparatus  used  the  value  of  /i  would  seem  to  be 
negligible.  A.  D. 

82S.  I'elotity  o)  Rontgen  Rays.  B.  Brunhes.  (Comptes  Rendus,  180. 
pp.  127-180,  Jan.  16, 1900.)— By  a  method  based  on  the  action  of  Rontgen 
ravs  on  explosive  potentials  at  different  distances,  the  author  fields  that 
Rontgen  rays  have  a  definite  velocity  of  the  order  of  the  velocity  of  light. 

A.  D. 

829.  Radiography  mlh  Three-Phase  Currcnls.  Del^inier.  (Comptes 
Rendus  180.  pp.  169-170,  Jan.  22,  1900.)— The  author  has  done  some  further 
work  with  the  system  of  Ihrcc-phase  radiography  devised  by  him.  (Sec 
1900,  Abstract  \'o.  470.)  He  has  found  tliat  the  connections  between  the 
electrodes  of  the  Rontgen  lube  and  the  two  terminals  of  the  induction  coil 
pray  be  reversed  without  altering  the  efticiency  of  the  tube.  With  the  aid  of 
A  \^'ehnelt  intermpter  and  an  induction  coil  any  three-phase  lighting  circuit 
niay  be  used  for  radiography.  E-  E.  F. 

S90.  itagmdk  DefUetion  of  Becquerel  Rays.    P.  Curie.    (Comptes  Rcndva, 


310  SCIENCE  ABSTRACTS. 

show  a  very  different  behaviour  in  a  magnetic  field  in  accordance  with  the 
mode  of  preparation  of  the  substance.  The  author  studies  the  magnetic 
deflection  of  various  rays  quantitatively  by  means  of  the  apparatus  shown  in 
the  diagram.  BB'B"  are  blocks  of  lead  containing  the  radiant  substance  A. 
PP'  arc  two  plates  liept  at  a  difference  of  potential  of  SOO  volts.  Ordinarily 
the  rays  proceeding  from  A  pass  between  the  plates  and  cause  a  measurable 
current  to  pass  between  the  plates.  But  when  a  magnetic  field  is  established 
at  right  angles  to  the  plane  of  the  paper  over  the  region  EEEE  the  rays  are 


generally  deflected  and  absorbed  by  the  lead  masses,  so  that  they  no  longer 
ionise  the  air  between  P  and  P*.  Experiments  with  various  samples  of  radio- 
active barium  carbonate  show  ttiat  the  rays  are  deflected  to  a  very  different 
extent.  It  is  found  that  those  rays  which  have  the  greatest  penetrative  power 
are  most  easily  deflected  by  a  magnet.  The  rays  which  are  not  deflected 
penetrate  the  air  at  ordinary  pressure  only  to  a  distance  of  6  or  7  cm.  The 
relation  between  penetration  and  magnetic  deflection  marks  a  fundamental 
difference  from  the  Rontgen  rays.  E.  E.  F. 

831.  Penetration  of  Bccqiicrd  Kays.  Mme.  S,  Curie.  (Comptes  Rcndus, 
180.  pp.  76-79,  Jan.  8,  1900.) — Becquerel  rays  arc  more  easily  absorbed  when 
they  have  already  penetrated  an  absorbing  layer  than  when  tlicy  have  not. 
This  is  due  to  the  fact  that  the  less  penetrative  rays  arc  absorbed  in  the  first 
absorptive  layers.  An  aluminium  disc  will  absorb  a  certain  proportion  of 
polonium  rays.  A  second  aluminium  disc  will  absorb  an  even  greater  pro- 
portion of  the  remainder.  Polonium  rays  arc  not  deflected  by  a  magnet, 
and  arc  propagated  in  straight  lines.  E.  K.  F. 

832.  Manganese  in  fluorescent  Screens.  J.  R.  Mourelo.  (Comptes 
Rendus,  129.  pp.  1236-1238,  Dec.  26,  1899.)— Several  recipes  are  given  for 
making  brilliant  fluorescent  screens  containing  manganese  as  an  active 
substance.  In  one  of  them,  100  parts  of  SrCOi  are  mixed  witli  SO  of  sulphur 
and  0-2  of  MnSOi.  The  mixture  is  kept  three  hours  at  a  red  heat  in  an 
earthenware  crucible.  Tlie  resulting  sulphide  is  nearly  white,  very  hard,  and 
shows  a  bright,  greenish-yellow  fluorescence.  A  still  better  product  is 
obtained  by  adding  to  100  gms.  SrCO,  60  cc.  of  water  containing  2  gms.  of 
dried  NaiCO]  and  05  gm.  of  fused  NaCl.  The  mixture  is  desiccated  and 
calcined,  and  80  gms.  of  sulplmr  and  0-2  gm.  MnSOt  are  added  to  the  product. 
The  subsequent  heating  produces  a  sulphide  which  only  requires  a  very  short 
exposure.  Freshly  prepared  manganese  carbonate  is  even  better  than  th« 
sulpliate.    All  the  manganese  screens  are  greenish-yellow,  while  the  btsmnUl 

icreena  ure  greenish -blue,    (See  also  1899,  Abstract  No.  1146.)  £.  E.  P 
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•  * 

L  Ftu&rtscent  Screens.    J.  Precht.    (Ann.  d.  Physik,  1.  2.  pp.  420-428, 

Feb.,  1900.)— The  author  studies  the  modifications  of  the  radioscopic  pictures 

observed   immediately  after  commencing  work.    Zinc  sulphide  screens  at 

first  show  the  hand  as  solid,  and  the  bones  only  gradually  appear.    The  time 

varies  from  a  few  seconds  to  a  minute,  and  is,  generally  speaking,  the  shorter 

the  higher  the  spark  potential,  and  the  "  harder  *'  the  tube.    Shorter  intervals 

axe    obtained    with   barium    platinocyanide  screens,  and  these    have    the 

advantage  that  the  fluorescence  ceases  with  the  illumination.    The  author 

has  not  been  able  to  prove  the  existence  of  any  chemical  action  producing 

the  time  effect,  and  therefore  inclines  towards  an  emission  theory  of  Rontgen 

ra\-s-  E.  E.  F. 

834.  Relation  between  Constitution  and  Fluorescence.  J.  T.  Hewitt. 
fChem.  Soc.,  Proc.  16.  pp.  8-4,  Jan.  24, 1900.) — The  molecules  of  substances 
showing  the  phenomenon  of  fluorescence  are  probably  capable  of  vibrating 
in  two  different  periodic  times  ;  this  property  would  hence  be  looked  for  in 
compounds  exhibiting  tautomerism,  as  indeed  is  the  case,  almost  without 
exception,  with  fluorescent  colouring  matters.  Many  substances,  however, 
although  behaving  tautomerically,  do  not  show  well-marked  fluorescence, 
possibly  owing  to  the  fact  that  the  velocity  of  change  from  one  tautomeric 
form  to  the  other  in  a  solution  containing  the  two  forms  in  equilibrium  is  so 
small  as  to  allow  only  a  very  small  proportion  of  the  molecules  to  absorb 
cnerg>'  when  in  the  one  configuration  and  emit  it  when  in  the  other.  When, 
howe\'cr,  one  of  the  tautomeric  forms  is  symmetrical,  the  author  supposes  the 
molecular  structure  to  be  continually  undergoing  change  in  a  manner 
analogous  to  the  motion  of  a  pendulum ;  the  symmetrical  form  first  suffers 
intramolecular  displacement  to  one  side,  yielding  a  non-symmetrical  form, 
which  then  reverts  to  the  symmetrical  modification,  and  this  again  undergoes 
displacement,  but  on  the  other  side  of  the  molecule.  The  peculiar  doubly 
sTmmetrical  molecular  structure  necessitated  by  this  theory  is  possessed  by 
flllo^e^cein  and  most  other  fluorescent  dye-stuffs ;  many  of  the  exceptions  are 
probably  only  apparent,  and  may  be  explained  when  their  spectra  are  more 
doselv  examined.  *  T.  H.  P. 

REFERENCES. 

835.  Astronomical  Objectives.  H.  Harting.  (Zcitschr.  Instrumentenk,  19.  pp. 
^4->f75,  1899.) — A  discussion  as  to  the  author's  methods  of  calculation  and  Leman's 
laodincation  of  the  same.    [See  Abstracts  Nos.  1844  (1899)  and  482  (1900).] 


EJcctramagnrtic  Ttteory  of  Dispersion.  P.  Drude.  (Ann.  d.  Physik,  1.  2. 
pp.  437-440,  Feb.,  1900.) — This  author  claims  that  the  theory  of  dispersion  referred 
Vj  bv  several  authors  as  that  of  Hertz  is  mainly  his  own,  and  quotes  the  letter  which 
Hertz  wrote  to  him  on  the  subject  in  full.  The  letter  does  not  contain  the  formula; 
developed  by  the  author,  but  only  a  few  general  suggestions.  E.  E.  F. 
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837.  Thermal  Deformation  oj  Crystallised  Normal  Sulphates  of  Potassium, 
Rubidium,  and  Caesium,  A.  E.  Tutton.  (Roy.  Soc,  Phil.  Trans.  192.  pp. 
465-498,  1899.)— In  a  previous  paper  (see  1898,  Abstract  No.  1017)  the  author 
described  an  interference  dilatometer,  by  the  use  of  which,  owing  to  the 
introduction  of  compensation  for  the  expansion  of  the  platinum-iridium 
interference  apparatus  by  means  of  a  disc  of  aluminium  laid  on  the  object, 
the  delicate  method  of  Fizeau  is  rendered  equally  sensitive  in  the  determina- 
tion of  the  expansion  of  solid  substances,  notably  crystals,  which  cannot  be 
obtained  in  blocks  of  the  relatively  large  size  hitherto  required.  The  method 
is  particularly  applicable  to  the  cases  of  those  substances,  including  the 
crystals  of  most  artificial  chemical  salts,  whose  ground  surfaces  will  not  take 
a  polish  equal  to  that  of  glass.  In  previous  papers  the  author  has  described 
the  results  of  the  application  of  his  method  to  the  investigation  concerning 
the  relations  between  the  morphological  and  physical  properties  of  the 
crystals  of  isomorphous  series  of  salts  on  the  one  hand  and  their  chemical 
constitution  on  the  other,  to  the  thermal  deformation  of  the  salts  in  question. 

In  the  present  memoir  the  results  are  given  of  an  investigation  of  the; 
thermal  deformation  of  the  orthorhombic  normal  sulphates  of  potassium,^ 
rubidium  and  caesium.    After  describing  the  method  of  preparation  of 
crystals  (the  parallel-faced  crystal  blocks),  the  improvements  on  the  cul 
and  grinding  goniometer  (which  is  gone  into  very  fully),  the  procedure 
cutting  and  grinding  the  crystal  blocks  and  the  mode  of  conducting 
observations,  the  determinations  and  computations  are  explained.  The  resuU 
of  the  series  of  observations  are  given  very  fully  in  extensive  tables, 
comparison  of  the  coefficients  of  lineal  and  cubical  expansion  of  the  thi 
sulphates  is  then  considered.    The  principal  results  and  conclusions  dedu< 
are  as  follows  : — 

1.  The  most  striking  result  of  the  investigation  is  seen  by  comparing 
cubical  coefficients  of  expansion.    The  coefficients  of  cubical  expansion 
the  orthorhombic  crystals  of  the  three    normal    sulphates    of    potassii 
rubidium,  and  caesium  exhibit  a  progression  corresponding  to  the  progr< 
of  the  atomic  weights  of  the  three  respective  metals.     This  pro| 
occurs  in  the  case  of  both  the  constants  a  and  b  in  the  general  expression 
the  coefficient  of  cubical  expansion  a  =  a  -|-  26/  for  any  temperature  t, 

2.  The  order  of  progression  of  the  two  constants  is  inverted;  a, 
coefficient  for  0°,  diminishes  with  increasing  atomic  weight  of  the  mi 
while  6,  half  the  increment  of  the  coefficient  per  degree  of  tern] 
increases. 

8.  The  coefficients  of  cubical  expansion  of  the  three  salts  converge 
rise  of  temperature  towards  equality,  which  they  reach' at  about  \W,    Bcyn 
this  temperature  the  coefficients  of  expansion  exhibit  increasing  divergence, 
order  of  progression  being  inverted,  an  increase  in  the  atomic  weight  of 
metal  being  now  accompanied  by  an  increase  in  the  coefficient  of  cut 
expansion. 

4.  The  thermal  deformation  is  of  the   nature    of  an  expansion  ir 
directions  in  the  crystals  of  all  these  sulphates. 
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5.  The  coefficients  of  linear  expansion  for  any  one  direction  of  the  three 
salts  do  not  exhibit  any  progression  corresponding  to  that  of  the  atomic 
weights. 

6.  The  increment  of  the  linear  coefficient  of  expansion  for  the  direction  of 
the  vertical  axis  c  of  each  salt  is  about  twice  as  large  as  the  increments  for 
the  other  two  directions  a  and  h,  for  which  latter  the  increments  are  nearly 
equal. 

7.  The  amount  of  expansion  along  the  direction  of  the  crystallographical 
axis  b  is  approximately  identical  for  all  three  sulphates,  indicating  that  inter- 
change of  the  metals  is  without  influence  on  the  thermal  behaviour  along  the 
macro-diagonal  axis  of  the  crystals.  The  crystals  of  all  three  salts  also 
expand  least  in  this  direction,  which  is  therefore  the  common  minimum 
axis  of  the  thermal  ellipsoid.  The  maximum  thermal  axis  is  identical  in  all 
three  salts  with  the  optical  first  median  line. 

8.  At  4iigher  temperatures  the  same  relations  still  obtain  for  the  potassium 
and  caesium  salts,  but  at  50°  the  crystals  of  rubidium  sulphate  are  apparently 
thermally  uniaxial,  owing  to  the  great  increment  of  expansion  along  the  axis  r. 

9.  In  general  a  close  parallelism  between  the  linear  thermal  expansion  and 
the  directional  optical  behaviour  is  seen  to  exist,  and  the  same  progressive 
effect  of  variation  of  the  atomic  weight  of  the  metal  affects  both,  but  in  the 
former  case  it  is  masked. 

As  in  the  case  of  the  ;ilkaline  selenates  investigated  by  the  author  the 
general  principle  holds  good  that  the  difference  in  the  nature  of  the  elements 
of  the  same  family  group,  which  is  manifested  in  their  regularly  varying 
atomic  weights,  is  also  expressed  in  the  similarly  regular  variation  of  the 
character  of  the  crystals  of  an  isomorphous  series  of  salts  of  which  these 
elements  are  the  intercliangeable  constituents.  J*  J*  ^' 


L   Thenwal  Expansion  of  Liquids.    G.  Guglielmo.     (Accad.    Liiicei 

Atti,  a  pp.  271-276.  and  310-316,  1899.)— The  author  describes  a  modification 

ai  Dulong  and  Petit's  method  of  measuring  the  absolute  thermal  expansion  of 

liquids,    by   which  the   sensitiveness   of  the    method    is  greatly  increased. 

Izbtc:ad  of  two  vertical  tubes  only,  kept  at  different  temperatures,  a  long  tube 

is,  used  which  is  bent  into  a  kind  of  spiral  of  rectangular  section.    The  whole 

ai  the  vertical  portions  on  one  side  are  kept  at  the  higher  temperature,  and 

the  whole  of  the  vertical  portions  on  the  other  side  are  kept  at  the  low^er 

'e.    The  di£Ferences  of  pressure  so  produced  are  thus  added  up, 

the  displacement  of  the  levels  in  the  open  terminal  portions  is  multiplied 

h^  the  number  of  turns,  without  a  serious  increase  in  the  sources  of  error. 

E.  K.  F. 


Thermal  Conductivity  of  Heat  Insulators.    C.  G.  Lamb  and  W.  G. 
(Roy.  Soc.,  Proc.  65.  pp.  283-288,  1899.)— A  method  of  testing  the 
comparative  ef&ciency  of  materials  used  as  insulators  is  described.  The  method 
devised  with  the  object  of  using  lower  temperatures  and  smaller  ranges 
had  been  used  in  previous  experiments,  to  attain  a  perfectly  steady  state  of 
transference,  and   allow  of  greater  accuracy  and  simplicity  in    the 
The  substances  used  were  tested  in   the  drv  state,  and 
\  sawdust,  charcoal,  hair  felt,  &c.    The  method  used  consisted  in 
the  material  under  test  in  the  space  between  two  cylindrical  coppvir 
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cylinder  open  at  the  top  and  with  holes  at  the  bottom,  was  put  inside  to 
direct  the  currents  of  air  over  the  inner  surface  of  the  inside  pot.  Energy 
was  supplied  electrically  to  a  heating  coil  within  ;  as  well  as  to  the  motor  : 
this  constituted  an  internal  supply  of  heat,  which  maintained  the  temperature 
within  the  pot  at  any  decided  upper  limit.  The  motor  and  coil  were  con- 
nected in  series,  and  leads  were  carried  through  a  small  hole  in  the  lid  of  the 
pots  to  measure  the  current  and  potential  difference,  and  thus  the  power 
expended  on  internal  heating  was  measured.  The  outer  pot's  surface  was 
kept  at  a  uniform  and  constant  temperature  by  being  immersed  in  a  tank 
through  which  water  flowed  from  the  mains.  The  resulting  temperature 
differences  were  measured  by  means  of  thermoelectric  junctions  of  copper 
and  iron.  The  current  was  passed  steadily  into  the  inner  pot,  driving  the 
motor  and  fan,  until  the  inner  thermoelectric  junction  arrived  at  a  steady 
value  ;  this  usually  occurred  in  about  three  hours ;  when  this  was  the  case 
the  supply  of  energy  by  the  current  was  just  equal  to  the  heat  conducted 
through  the  insulator  and  carried  off  by  the  water.  Knowing  the  temperature 
gradient  and  the  number  of  watts  supplied  and  the  dimensions  of  the  system, 
the  specific  conductivity  of  the  material  can  be  deduced. 
The  following  results  were  obtained  : — 

Material.  Conductivity. 

Air  (no  baffles) 0-000200 

Pine  sawdust  0*000242 

Pine  shavings 0*000162 

Brown  paper  (crumpled  up)    0*000167 

Hair  felt  (broken  up) 0*000145 

Hair  felt  in  two  sheets  ^  in.  thick  each 0*000106 

Dry  asbestos    0000297 

Charcoal   0*000150 

Sand  0000740 

Rice  husks   0000150 

Kapok  (a  heat  insulator)  0000144 

Kapok  (loose)  0*000122 

Silicate  cotton 0*000151 

In  these  experiments  the  temperature  differences  varied  from  about  8** 
28°.    Hair  felt  was  the  best  insulator  tested.    The  insulation  in  the  case 
brown  paper  was  practically  that  of  air  with  subdivided  spaces ;   the 
provement  thus  produced  in  comparison  with  air  only  is  noticeable,      J.  J. 

840.  Measurement  of  Low  Temperatures.    A.  Ladenburgand  C.  Kriig^ 
(Ber.,  82.  pp.  1818-1824,  1899,  and  33.  pp.  637-638,  March  12, 1900.)— In 
a  thermoelectric  couple  for  measuring  low  temperatures  the  authors  do  m 
consider  that  it  is  sufficient  to  use  a  quadratic  equation,  and  have  therel< 
made  use  of  a  cubic  equation  to  express  the  relationship  between  tempei 
and  voltage.    The  thermal  element  was  compared  with  a  hydrogen  th< 
meter  at  three  standard  temperatures,  viz.,  the  boiling-point  of  liquid  a 
— 191*25°  ;  of  ethylene,  — 102*9°  ;  and  the  sublimation-point  of  solid  cart 
dioxide,  —  77*5°.    From  these  three  fixed  points  the  three  constants  in  i 
equation  were  determined,  and   its  acciu'acy  was  tested  by  comparing  ^ 
readings  of  the  hydrogen  thermometer  with  those  of  the  thermal  elemeo 
(1)  the  boiling-point  of  methane  (— 162°)»  and  (2)  the  melting-point  of  € 
(^  llSf°)  ;  the  readings  differed  by  only  0*05°  and  0*5"  in  the  two 
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The  boiling-  and  freezing-points  of  a  number  of  substances  were  then 
determined,  and  are  given  in  the  accompanying  table. 


Skibstance. 

Oxygen 

Nitrous  oxide  

Ammonia 

Hydrogen  chloride 
Hydrogen  bromide 
Hydrogen  iodide... 
Hydrogen  solphide 

Methane   

Ethane  

Propylene 

Trimethylene  

Acetylene 

Toluene 

Ethylbenzene  

Mesitylene    

Cymene 

Methyl  chloride  ... 

Ethyl  bromide 

Ethyl  iodide 

If  ethyl  alcohol 

Ethyl  alcohol   

Ether 

Aldehyde  

Acetone 

GK'col    

Methyl  formate   ... 

Ethyl  acetate   

Ethvlamine  


Boiling-point. 

— 182-2^  at  745-0  mm. 
—142-8°  at  757-2  mm. 

•  •  • 

—  88-1°  at  755-4 

—  68-1°  at  755-4 

—  86-7°  at  761-7 

—  60-4°  at  755-2 
—162°    at  751-0 

—  84-1°  at  749-0 

—  48-2°  at  7490 

about  —  84°      at  7490 

—  82-4°  (sublimation  point) 
-1-110° 

+  185  to  +136° 
+164° 


+32-33° 
+  19-20° 


Melting-point. 

—150-5° 

—  75-6° 
—111-8° 

—  86-18° 

—  51-8° 

—  82-9° 

•  •  • 

—172-1° 

remains  liquid    at 

—  190° 
—126-6° 
sublimes 

—  93-2° 

—  93-2^ 

—  57-5° 

—  73-5° 
—102-9°    . 
—115-8° 

-110-6  to  —113-1° 

—  93-9° 
—111-8° 
-113-1° 
-120-6° 

—  93-9° 

—  15-6° 
—100-4° 

—  82-4° 

—  83-8° 


Meiitylene  and  alcohol  sohdify  in  liquid  air  to  a  transparent  amorphous 
mass,  but  become  crystalline  when  the  temperature  is  allowed  to  rise  ;  ether. 
aldehyde,  and  acetone  crystallise  directly.  T.  M.  L. 

841.  Co-volume  of  Fluids.    D.  Berthelot.    (Comptes  Rendus,  130.  pp. 
115-118.  Jan.  15, 1900.) — The  kinetic  theories  lead  to  equations  of  the  form — 

P  -^  ^^  ~v    V  ^  v^  ""'  1^^  ""'1^^  '  ") 

When  the  pressure  is  small  and  the  volume  great,  powers  of  -  beyond  the 

firsi  may  be  neglected.  In  any  case,  the  above  equation  represents  very 
fasthfnlly  the  isothermals  obtained  by  van  der  Waals.  But  these  deviate 
experiment  just  in  those  parts  where  the  pressure  is  smallest.  The 
proposes  to  regard  the  co-volume  as  a  function  of  the  temperature, 
according  to  the  equation — 


frr  =  6.  {i  +  0*3(t,""  0 


/ 


6r  »  tl»c  co-volume  at  temperature  T,  and  be  the  co-volume  at  tVve 
e.    This  leads  to  equations  which  may  safely  be  applied  lo 
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842.  Internal  Pressure  of  Gases.  D.  Berthelot.  (Comptes  Rendus,  130. 
pp.  69-78,  Jan.  8,  1900.) — The  author  compares  the  total  results  of  experiment 
available  up  to  the  present  with  the  various  formulae  proposed  for  the  charac- 
teristic equation  of  fluids,  and  arrives  at  some  simple  and  satisfactory 
formulae  applicable  to  the  liquid  state.  The  reasoning  employed  is  based 
upon  the  law  of  corresponding  states.  Since  the  characteristic  equation  may 
contain  only  three  constants  special  to  the  body  under  investigation,  the 
author  only  considers  equations  involving  three  such  constants.  From  these 
he  deduces,  by  Sarran's  method,  the  elements  of  the  critical  point  and  the 
reduced  equations  common  to  all  bodies.  The  critical  isothermals  so  ob- 
tained are  compared  with  the  experimental  critical  isothermal  of  carbonic 
acid  as  a  standard.  Van  der  Waal's  formula  agrees  with  Amagat's  experi- 
mental results  for  higher  values  of  u*,  but  not  for  the  lower  values.  The 
modified  form  introduced  by  Clausius  agrees  for  the  lower  values  but  not  for 
the  higher  values.    To  obtain  a  complete  agreement,  the  author  goes  a  step 

a  a 

further  than  Clausius,  and  substitutes  for  the  term   -3,   not  .  .v,  but 

a 
d  t   n  I  ,L   , — ur    1'he  revised  formula  niay  be  used  for  liquids  by  inserting 

three  constants  characteristic  of  the  body  in  question,  preferably  the  critical 
pressure  and  temperature  and  the  molecular  weight.  E.  E.  F. 

843.  Liquefaction  0/  Gaseous  Mixtures.  F.  Caubet.  (Comptes  Rendus, 
180.  pp.  167-169,  Jan.  22,  1900.)— The  author  has  constructed  the  limiting 
lines  for  ten  mixtures  of  methyl  chloride  and  carbon  dioxide,  of  composition 
varying  between  10  and  90  per  cent.  The  results  are  given  in  the  form  of  a 
figure  which  shows  also  the  critical  line  and  the  lines  of  evaporation  and 
condensation.  Retrograde  condensation  is  shown  by  all  the  mixtures,  and  is, 
particularly  well  marked  for  40  per  cent,  of  methyl  chloride.  R.  A.  L.; 

S^^.  Heat  0/ Sublimation  of  Carbonic  Acid.    U.  Behn.    (Ann.  d.  Physil 
1.  2.  pp.  270-274,  Feb.,  1900.)— If  the  mean  specific  heat  of  any  solid  is  knoy 
between  18°  and  —  79°  or  — 186°,  it  is  easy  to  determine  the  heat  of  sublimati< 
of  solid  COt,  or  the  heat  of  evaporation  of  air  with  its  aid.    It  is  01 
necessary,  in  the  latter  case,  to  introduce  the  body  of  known  temperature  inl 
bqiling  air.    The  air  will  go  on  evaporating  until  the  body  has  the  tern] 
ture  of  the  boiling-point  of  air,  and  it  only  remains  to  measure  the  volume 
gaseous  air.    The  quantities  thus  determined  by  the  author  with  the  aid  of 
aluminium  cylinder  are — 

COs,  heat  of  sublimation  :  142*4  calories. 
Air,  heat  of  evaporation  :    50*8  calories. 

From  these  figures,  the  specific  volumes  of  gaseous  COi  at — 79°  and 
gaseous  air  at  — 186°  may  be  found.    They  are  428  and  858  respectively. 

E.  E, 
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846.  Reflection  of  Sound  at  a  Paraboloid.    H.  J.  Sharpe.    (Cambridge 

Phil.  Soa,  Proc.  10.  pp.  101-186,  1899.)— A  sound-reflecting  paraboloid  of 

revolution  is  placed  with  its  axis  corresponding  with  that  of  x,  and  sound 

vibrations  are  going  on  within  the  paraboloid  and  are  reflected  by  the  surface. 

The  source  of  sound  may  be  at  an  infinite  distance  or  at  the  focus  of  the  reflector 

or  elsewhere  within  it.    In  the  present  paper  the  motion  is  assumed  to  be 

symmetrical  about  the  axis.    The  author  does  not  here  discuss  the  case  which 

he  sajrs  is  the  most  interesting,  viz.,  that  in  which  the  source  is  at  the  focus, 

but  the  next  most  interesting  case  is  treated,  viz.,  that  in  wliich  we  have  a  line 

of  sources  extending  from  the  vertex  for  a  finite  distance  along  the  axis.    The 

treatment   is  subdivided  according  to  the  values  of   the  constant  A  in  the 

^P\      dV 
equations  V  t^  +  ^  +  {p^v  ±  A)  V =0,  the  most  important  cases  being  when 

A  is  large.  S.  H.  B. 

846.  Electric  Transmission  of  Sound.  Dussaud.  (Comptes  Rendus,  129. 
pp.  880-881,  1899.) — ^The  electric  transmission  of  sound  (see  1899,  Abstract 
Xo.  560)  is  the  more  efficient  the  greater  the  number  of  the  microphone 
membranes  enclosed  in  the  resonator  box,  and  the  efliciency  is  also  increased 
by  letting  the  air  act  upon  both  faces  of  the  membranes.  At  the  receiving 
•vtation  the  electromagnet  should  have  several  faces,  each  actuating  a 
diaphragm,  and  the  sound  should  be  collected  from  both  faces  of  the 
diaphragms.  The  intensity  of  the  transmitted  sound  is  then  sufficient  to 
work  a  phonograph.  It  has  been  found  possible  to  thus  record  telephonic 
communications  over  several  miles  of  wire,  and  also  to  take  down  a  speech 
deli\'ered  in  a  remote  part  of  a  building  and  reproduce  it  from  the  phono- 
graph in  the  lecture  theatre,  practically  without  loss  of  intensity.  E.  E.  F. 

847.  Sensitive  Flame  Tests  on  a  Telephone  Transmitter.  Rayleigh.  (Roy. 
Instit,  Proc.  15.  pp.  786-789, 1899.) — Lord  Rayleigh  describes  a  special  sensitive 
flame  made  by  a  pin-hole  (0'08")  jet,  over  which  is  a  chamber  one  side  of 
which  is  fitted  with  a  diaphragm  of  paper  or  a  transmitter  diaphragm. 
Experiments  with  an  induction  balance  and  an  alternating  current  are  given 
which  can  be  shown  by  the  flame  in  a  lecture  demonstration.  M.  O'G. 
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848.  Electromagnetic  Theory,  A.  Scheye.  (Zeitschr.  Phys.  Chem.  82. 
pp.  145-149,  Feb.  6, 1900.)— The  author  replies  to  Wedell-Wedellsborg  (sec 
1900,  Abstract  No.  96),  who  gives  two  grounds  for  doubting  the  existence  of 
the  electric  field  due  to  a  galvanic  current :  firstly,  that  it  does  not  agree 
with  experiment ;  secondly,  that  it  leads  to  inconsistent  results.  The  author 
agrees  with  the  first  objection  so  far  as  to  admit  that  further  decisive 
experiments  are  required.  The  second  objection  he  combats  in  the  present 
paper,  maintaining  that  as  the  six  equations  expressing  Maxwell's  theory  are 
consistent  with  each  other,  we  cannot,  if  we  confine  our  assumptions  to 
them,  arrive  at  inconsistent  results.  This  he  illustrates  by  the  example  of  a 
fixed  circuit  and  the  introduction  of  another  circuit  into  its  field ;  and  by 
discussion  of  the  galvanic  circuit  of  two  metals  and  an  electroljrte.  This  he 
says  leads  to  Maxwell's  expression  for  the  energy  of  the  field. 


f,i(sv(r^ej)V" 


where  ^  is  the  potential.  He  agrees  with  Wedell-Wedellsborg  that  strictly 
in  electric  induction  we  cannot  regard  resistance  as  constant.  And  we  may 
assume,  he  says,  that  an  electric  potential  exists  even  in  a  non-stationary  state, 
depending  in  the  same  way  on  the  currents  for  the  time  being  as  in  the 
stationary  state.     Bui  this  assumption,  he  points  out,  involves  difficulties. 

S.  H.  B. 

849.  Hydro-dynamical  Hypothesis  of  Electromagnetic  Actions.  G.  F. 
FitzGerald.  (Koy.  Dublin  Soc,  Proc.  9.  pp.  60-64,  1899.)— After  referring 
to  Kelvin's  investigation  as  to  a  possible  transference  of  a  laminar  wave 
disturbance  through  a  turbulent  liquid  (Phil.  Mag.  v.  vol.  24.  p.  342,  187TX 
and  his  subsequent  calculation  of  a  stable,  steady  motion  for  a  hollow  vortex 
surrounded  by  a  tore  round  which  the  liquid  is  circulating  (Roy.  Irish  Acad. 
Proc.  iii.  vol.  1.  p.  340,  1889),  the  author  proceeds  to  explain  his  own 
hypothesis,  according  to  which  the  ether  is  a  turbulent  liquid,  the  Faraday 
tubes  being  represented  by  vortex  spirals.  A  vortex  filament,  the  author 
points  out,  can  have  a  spiral  wave  superposed  on  it,  and  the  irrotational 
motion  in  the  neighbourhood  of  such  a  spiral  will  be  essentially  the  same  as 
the  distribution  of  magnetic  force  near  a  similar  spiral  wire  conveying  an  . 
electric  current.  The  author  next  considers  the  transference  of  spirality  from 
one  vortex  to  another,  and  arrives  at  equations  which  are  identical  with  the  j 
fundamental  equations  of  wave  propagation  in  the  ether.  An  electric  charge  v 
is  represented  by  a  singular  point  on  a  vortex  spiral,  at  which  the  flow  of  Huid 
is  away  from  the  point  on  both  sides,  the  spirality  on  one  side  being  right-. ; 
handed,  and  that  on  the  other  left-handed.  A.  H«  - 

860.  Electromagnetic  Rotations.     Raveau.     (Comptes  Rendus,  180.  pp 
81-82,  Jan.  2,  1900.) — This  is  a  reply  to  Lecher's  criticism  of  Konig's  expert 
ment  (see  1900,  Abstract  No.  94).     Though  it  is  immaterial  to  the  final  rcsu 
whether  the  point  of  application  of  the  electromagnetic  forces  is  absolute! 
final  or  not,  the  lack  of  definiteness  in  fixing  it  leads  to  ambiguities  in  tl 
point  of  view  adopted.    To  explain  Faraday's  electromagnetic  rotation. 
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which  one  of  the  poles  of  a  vertical  magnet  describes  a  circle  about  a  portion 
of  a  vertical  straight  conductor  carrying  a  current,  it  is  maintained,  from  the 
point  of  view  of  Biot  and  Savart,  that  the  motion  is  determined  by  the  action 
of  the  current  upon  the  neighbouring  pole.  According  to  Ampere's  view,  on 
the  other  hand,  the  force  exercised  by  the  part  of  the  circuit  meets  the 
vertical  wire  and  cannot  produce  any  rotation  about  it.  These  two  views 
are  not  incompatible,  as  their  application  depends  upon  different  conditions. 
Lecher's  experiment,  in  which  no  rotation  is  produced,  differs  from  Faraday's 
arrangement  by  the  substitution  of  two  joints  for  the  movable  contacts. 

E.  E.  F. 

86L  Potentials  and  Capacities  where  the  Dielectrics  are  Heterogeneous  or 
Conducting.  A.  A.  Petrovsky.  (Comptes  Rendus,  180.  pp.  112-115,  Jan. 
15,  and  164-166,  Jan.  22,  1900.)— Starting  with  Maxwell's  form  of  Laplace's 
equation  the  author  obtains  the  following  results  for  capacities : — 

(1)  Plane  condenser  with  plates  of  area  S,  and  dielectric  of  n  layers,  di  and 
K,  denoting  the  thickness  and  dielectric  constant  respectively  of  the  layer 
whose  number  is  / ; 


Capacity=S-^4^2^' 

(2)  spherical  condenser  with  n  concentric  spherical  layers  of  dielectric  : 

capacity  =  l-^S^-(^-L_l)       - 

(8)  Cylindrical  condenser  with  n  coaxial  cylindrical  layers  of  dielectric  : 


f  =:n 


Capacity  =  Length  4-  2  S  i-  log  -P'- 

The  pK>tential  is  next  obtained  round  a  sphere  immersed  in  a  concentric 
sphere  of  conducting  dielectric.  In  conclusion  follows  a  discussion  of  the 
experimental  determination  by  alternating  currents  of  the  capacity  of  a  con- 
denser with  heterogeneous  dielectrics.  E.  H.  B. 

852.  Atmospheric  Electricity.  G.  Sch^valbe.  (Ann.d.  Physik,  1.  2.  pp. 
294-298,  Feb.,  1900.) — As  against  Pellats  obervation  of  an  apparent  loss  of 
charge  due  to  evaporation  (see  1899,  Abstracts  Nos.  662  and  1875),  the  author 
has  repeated  his  experiments,  which  show  that  a  metallic  vessel  filled  with 
hot  water  does  not  lose  its  charge.  '  In  this  case  he  employed  potentials  as 
high  as  those  employed  by  Pellat,  and  made  separate  observations  for  positive 
and  negative  charges.  The  results  obtained  were  the  same  as  before,  and 
the  author  is  convinced  that  no  electric  charge  is  conveyed  by  evaporation. 
Hence  Enncr's  theory  of  atmospheric  electricity  is  inadequate.  E.  E.  F. 


Diselectrifi cation  Produced  by  Magnetism.  C.  E.  S.  Phillips.  (Roy. 
r^  Proc.  65.  p.  320, 1899.) — Under  certain  conditions  an  electrified  body 
rapidly  loses  its  charge  when  in  the  neighbourhood  of  a  magnetic  field.  The 
phenomenon  is  only  exhibited  at  pressures  lower  than  02  mm.  of  mercury.  A 
glass  tube  has  two  tinfoil  coatings,  one  inside  and  one  outside.  The  former 
is  electrified  positively,  and  the  "  free  "  charge  on  it  indicated  by  an  electro- 
:  this  charge  induces  a  "  bound  "  charge  on  the  outside  coating.  On 
an  electromagnet  whose  poles  protrude  through  the  ends  of  the 
tubes  the  leaves  of  the  electroscope  suddenly  collapse.  No  such  effect 
when  the-  inner  coating  is  charged  negatively.  D.  £.  {. 
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864.  Eledrographs.  E.  Gates.  (Electricity,  N.Y.  17.  pp.  869-860, 1899. 
From  the  Photographic  Times.) — Illustrations  are  given  of  electrographs 
formed  by  the  passage  of  an  electric  discharge  through  and  over  a  photo- 
graphic plate.  In  order  to  obtain  these  e£Fects  a  camera  is  unnecessary.  It 
is  sufficient  to  enclose  the  plates  in  a  light-proof  envelope.  The  plates  when 
developed  exhibit  a  foliated  appearance  of  great  delicacy,  similar  to  that  of 
certain  varieties  of  seaweed.  R.  A. 

856.  Point  Discharges.  H.  Sieveking.  (Ann.  d.  Physik,  1.  2.  pp.  299- 
811,  Feb.,  1900.) — Discharge  of  statical  electricity  from  a  point  always  occurs 
at  a  lower  potential  in  the  case  of  negative  charges  than  it  does  in  the  case  of 
positive  charges.  Under  equal  conditions  the  quantity  of  negative  electricity 
discharged  is  always  greater  than  the  quantity  of  positive  electricity.  The 
quantity  discharged,  either  upon  a  disc  or  upon  the  inner  surface  of  a 
conducting  sphere,  may  be  represented  by  the  formula  E  =  a  (V  —  ft),  when 
b  is  the  minimum  discharge  potential.  The  formula  applies  to  potentials 
lying  between  the  minimum  potential  and  5,000  volts.  For  higher  potentials 
Warburg's  formula  E  ^  cv  (V — M)  is  more  in  agreement  with  experiment. 
The  minimum  potential  is  nearly  constant  at  greater  distances,  but  increases 
rapidly  at  smaller  distances.  The  gases  investigated  may  be  arranged  in  a 
series  according  to  their  power  of  furthering  negative  discharges.  Oxygen 
is  at  the  head  of  this  scries,  and  carbonic  acid  at  the  end.  E.  E.  F. 

866.  Discharges  in  an  Electrostatic  Field.  J.  Stark.  (Ann.  d.  Physik,  1. 
2.  pp.  430-486,  Feb.,  1900.) — Various  effects  in  the  way  of  stopping  or  facili- 
tating the  discharge  of  a  battery  through  a  rarefied  gas  may  be  brought  about 
by  bringing  conductors  variously  charged  into  the  neighbourhood  of  the 
vacuum  tube.  Whenever  such  conductors  have  the  effect  of  increasing  the 
difference  of  potential  between  the  electrodes,  the  discharge  is  facilitated ; 
otherwise  it  is  rendered  more  difficult,  and  usually  made  intermittent.  Such 
intermittent  discharges  are  capable  of  setting  up  vibrations  in  the  kathode, 
which  can  be  heard  on  bringing  the  ear  close  up  to  the  tube,  or  wrapping  a 
strip  of  tinfoil  loosely  round  the  tube  in  the  neighbourhood  of  the  kathode. 
When  the  electrodes  consist  of  flexible  wires  or  carbon  filaments,  the  kathode 
often  exhibits  strong  oscillations,  whereas  the  anode  remains  steady.  Tlic 
difference  between  the  anode  and  the  kathode  is  probably  due  to  the 
greater  drop  of  potential  at  the  kathode,  which  makes  it  more  sensitive 
to  variations  of  the  field  between  itself  and  the  walls.  E.  E.  F, 

867.  Duration  oj  Electric  Spark.  H.  Abraham  and  J.  Lemoine. 
(Comptes  Rendus,  180.  pp.  245-248,  Jan.  29,  1900.)— The  method  employed 
to  test  for  a  retardation  in  the  disappearance  of  the  Kerr  phenomenon  (see 
1899,  Abstract  No.  1859)  may  also  be  used  for  determining  the  duration  of 
the  electric  spark  and  studying  its  initial  stages.  It  is  found  that  the  total 
quantities  of  light  emitted  by  the  spark  is  much  less  than  40  times  that  which 
is  emitted  during  the  time  required  for  the  cessation  of  the  Kerr  effect.  That 
time,  as  we  know,  does  not  exceed  1/lOOth  of  a  micro-second.  If  the  spark 
has  a  uniform  intensity  over  its  whole  duration,  we  may  suppose  that  its 
duration  is  much  less  than  0*4  micro-second.  Another  conclusion  arrived  at 
is  that  in  about  l/400th  of  a  micro-second  the  spark  reaches  a  considerable 
brightness,  not  far  from  its  maximum  brightness.  The  disappearance  of 
the  Kerr  phenomenon  as  studied  with  the  author's  apparatus  consists  of  the 
three  elements,  and  involves  the  time  during  which  the  Kerr  condenser 
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discharges  itself,  the  time  during  which  the  carbon  bisulphide  preserves 
its  bi-refracting  power  after  the  withdrawal  of  the  field,  and  the  time  re- 
quired for  the  establishment  of  the  spark.  Each  of  these  processes,  taken 
separately,  has  a  duration  not  exceeding  a  hundred-millionth  of  a  second. 

E.  E.  F. 


I.  Break-up  of  a  High-Potential  Current  into  Disruptive  Discharges,     H. 
Abraham.    (Soc  fran?.  Phys.,  Seances,  2.  pp.  70-77, 1899.)— A  high-voltage 
transformer,  actuated  by  an  alternating  current ;  the  terminals  of  a  condenser 
connected  with  the  poles  of  the  transformer,  and  also  with  the  two  electrodes 
of  a  deflagrator.    On  working  in  the  first  place  without  blowing  the  air  away 
in   the  deflagrator,  a  sufficient  current  will  produce  a  true  flame  in  the 
deflagrator,  the  brightness  of  which  follows  the  alternations  of  the  current, 
tbe  flame  being  almost  extinguished  at  each  alternation.    Like  the  electric 
arc,  this  flame  has  one  pole  brighter  than  the  other.     With  a  flame  of 
2   cm.   length  and  a  current  of  0*0485  amperes  the  electromotive  force 
at   the   poles  of    the  deflagrator  is    2,550  volts,   showing  a  resistance  of 
58,000    ohms;    but  with   the  same    length   of    flame   under  a  current  of 
0*020  amperes  the  cross-section  of  the  flame  is  reduced  and  the  voltage 
becomes  8,400  volts,  showing  a  resistance   of  170,000  ohms.    The  trans- 
former must   be  able   to  set  up    these  differences  of    potential   at   each 
alternation  as  well  as  to  feed  the  alternating  current  through  the  flame.     If 
the  current  be  progressively  reduced  the  requisite  differences  of  potential 
go  on  increasing ;  so  that  at  a  given  moment  the  rigime  of  flame  is  trans- 
formed into  one  of  disruptive  discharges,  each  discharge  lighting  up  a  flame 
which  lasts  until  the  end  of  the  half-period  if  the  actuating  current  be  still 
sufficiently  high  for  this.    There  is,  however,  a  continuous  gradation  between 
the  condition  of  flame  and  that  of  disruptive  discharges,  for  each  discharge 
modifies  the  air  through  which  it  passes  and  renders  it  more  conductive,  so 
that  successive  discharges  are   more  and  more  flame-like.     It  is  difficult 
to   show   this   by  adjusting  the  actuating  current,   but  it  can   be  readily 
aiiown  by  blowing  away  the  air  from  between  the  plates  by  progressively 
strengthening  currents  of  air  or  carbonic  acid.     If  the  current  of  air  be  very 
strong  the  regime  of  disruptive  discharges  becomes  stable  and  regular,  the 
flow  oi  sparks  following  the  alternations  of  the  actuating  current  quantita- 
li^-clv  according  to  the  sine  law.     With  carbonic  acid  at  a  pressure  of  3  kg. 
ptrr  sq-  cm.  more  than  100,000  sparks  per  second  were  obtained  ;  with  air  at 
^  pressure  of  2  metres  of  water  about  10,000  per  second.    The  phenomenon 
ha>  a  ^-ide  range  of  stability.    (Sec  also  1899,  Abstract  No.  1495.)  A.  D. 


i 


Lichtenberg  Figures  inside  Rontgen  Tubes,  E.  Riecke.  (Ann.  d. 
Phvsikv  1.  2.  pp.  414-419,  Feb.,  1900.) — It  is  not  necessary  to  employ  a 
niia^ture  of  red  lead  and  sulphur  in  order  to  bring  out  Lichtenberg  figures 
opposite  the  kathode.  On  close  examination  of  the  fluorescent  patch  it  is  seen 
that  it  branches  out  into  club-shaped  projections,  dark  on  a  light  ground, 
evidently  owing  to  local  negative  charges  which  repel  the  kathode  particles 
and  <liniinish  the  fluorescence.  Branching  structures  are  also  produced, 
chiefly  in  a  zone  adjoining  the  narrow  fluorescent  band  in  the  plane  of  the 
kathode  itself,  bat  also  round  the  fluorescent  patch  opposite  when  the  tube 
is  "hard."    These  structures  mark  lines  along  which  the  negative  charge, 

in  the  fluorescent  patch,  travels  outward    into  the  positive 
The  multiplicity  of  the  branches  is  probably  due  to  the  fact  that 
the  paid  has  a  wavy  contour  which  keeps  rapidly  fluctuating.  E.  E.  Y . 
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860.  Hall  Effect.  Q.  Moreau.  (Comptes  Rendus,  180.  pp.  122-1^, 
Jan.  15,  1900.) — ^The  thermo-magnetic  effect  discovered  by  Nernst  and 
Ettinghausen  in  1886  may  be  derived  from  the  Hall  effect  with  the  aid 
of  the  Thomson  effect.    The  author  formulates  the  former  by  the  equation — 

__KHJ 

where  e  is  the  E.M.F.  developed  in  a  thin  metallic  plate  of  the  thickness  e  by 
a  flux  of  heat  J  and  a  magnetic  field  H  at  right  angles  to  the  flux  and  the 
current ;  <u  is  the  conductivity  of  the  metal  and  K  a  constant.  The  Hall  effect 
is  similarly  represented  by — 

E  =  c?-I 

€ 

where  I  is  the  current  strength. 

If  two  neighbouring  sections  of  the  plate  are  separated  by  a  distance  Ay, 
and  are  traversed  by  a  flux  of  heat,  producing  a  difference  of  temperature 
A/  between  them,  a  difference  of  potential  aV  is  produced  in  accordance 
with  the  Thomson  effect,  and  we  have — 

aV  =  <tA/ 

where  a  is  the  "  specific  heat  of  electricity  "  in  the  plate.  The  E.M.F.,  aV/Ajt 
per  unit  of  length  gives  rise  under  the  influence  of  a  magnetic  field  to  a 
transverse  E.M.F.  in  accordance  with  the  Hall  effect.  The  equation  for  the 
Hall  effect  gives — 

E=-HaW 
P 

where  W  is  the  E.M.F.  of  the  primary  current,  I  per  unit  length,  and  p  the 
resistivity  of  the  plate.  Putting  W  =  AV/Ar  we  have  for  the  thertno-magnetic 
effect — 

ca  ..    At 

€  :=  —  Ha  -  - 

f)  Ax 

or,  if — 

p 
e=KHaf- 

AX 

which  is  the  formula  experimentally  established  by  Nernst  for  his  new 
thermo-magnetic  effect. 

The  calculated  and  observed  results  agree  well  except  in  the  cases  of 
nickel  and  cobalt.  In  nickel  the  calculated  effect  is  only  one-third  of  the 
observed  effect,  while  in  cobalt  the  value  is  nearly  the  same,  but  the  actual 
sign  is  positive,  while  the  theoretical  sign  is  negative.  No  close  agreement 
can  be  expected  unless  the  mode  of  preparation  of  the  specimens  is  rigidly '  1 
the  same.  E.  E.  F. 

861.  Electrically  Heated  Conductors.  H.  Diesselhorst.  (Ann.  d.  Phj^sik, 
1.  2.  pp.  812-325,  Feb.,  1900.>~While  limiting  the  discussion  to  the  simpler 
problem  of  an  electrically  heated  conductor  as  stated  by  Kohlrausch,  admits 
ting,  however,  any  variation  of  the  conductivity  with  the  temperature,  tfart 
author  proves  that  only  a  single  solution  satisfles  the  differential  equation 
and  terminal  conditions.  He  also  sketches  a  method  whereby  the  genert 
integration  of  the  equations  can  be  reduced  to  a  known  problem  of  grent^ 

simplicity,  involving  Laplace's  equation.    As  regards  the  introduction  of  tl 


ELECTRICITY.  323 

Thomson  efffect,  he  proves  in  a  concrete  case  that  it  involves  a  difference  of 
temperature  l3ring  somewhere  between  0*06°  and  0*5°,  whilst  the  Joulean 
heating  amounts  to  6**  or  T.    (See  also  1900,  Abstract  No.  187.)         E.  E.  F. 

862.  Hysteresis  of  Resistance.  H.  Chevallier.  (Comptes  Rendus,  130. 
pp.  120-122,  Jan.  16, 1900.) — When  a  wire  is  subjected  to  periodic  variations 
of  temperature  its  electric  resistance  varies  in  a  very  irregular  manner.  If  R 
is  its  resistance  at  a  temperature  To,  and  it  is  heated  to  a  temperature  Ti,  and 
subsequently  cooled  down  to  To,  its  resistance  will  finally  be  different  from 
R.  The  difference  is  due  to  some  allotropic  transformation  undergone  by 
the  metal,  which  is  subject  to  hysteresis.  There  is  not  only  a  change  of 
temperature,  but  also  a  complication  introduced  by  the  alternate  annealing 
and  tempering  of  the  wire.  The  author's  experiments  dealt  with  a  silver 
platinum  alloy  which  resists  oxidation.  He  made  the  temperature  oscillate 
a  large  number  of  times  between  To  and  Ti,  and  found  that  the  resistance  at 
T«  acquired  values  differing  from  each  other  by  a  less  and  less  amount  as 
the  alternations  proceeded,  without  the  difference,  however,  disappearing 
entirely.  Several  series  of  70  oscillations  each  between  160°  and  16°  gave 
final  \-alues  for  15°  amounting  to  101609, 1*01600, 101498, 101490, 101488,  and 
1'01487  respectively.  The  last  limiting  value  is  practically  final  for  16°,  but 
it  is  disturbed  by  heating  the  wire  to  a  temperature  above  160°.  By  repeating 
the  oscillations  and  introducing  the  disturbance  systematically  the  author 
obtains  a  limit  of  the  Hmits  which  completely  fixes  the  final  temperature 
for  the  range  and  disturbance  specified.  E.  E.  F. 

863.  Fault-Testing  in  Cables.    J.  Garraud.    (Eel.  Electr.  22.  pp.  189-140, 
Jan.    27,    1900;    Annales    telegraphiques,    26.    pp.    289-296.)— The    author 
describes  methods  of  finding  earth  faults  of    insulation    in   lead-covered 
cables  by  the  application  of  an  interrupted  current  to  the  circuit  and  the 
movement  of  a  bobbin  along  the  external  sheath,  the  bobbin  being  in  circuit 
with  a  telephone.    As  the  bobbin  moves  towards  or  past  the  fault,  so  the 
sound  in  the  telephone  is  maintained  or  ceases  altogether.    With  the  tele- 
phone, therefore,  as  the  detector  the  position  of  the  fault  may  be  exactly 
estimated  in  a  single  conductor  cable.    This  is  referred  to  as  the  method 
oi  E.  Gerard,  used  fifteen  years  ago.     But  M.  Barbarat  has  developed  the 
idea  for  finding  a  fault  in  a  bundle  of  lead-covered  wires  to  which  so  simple 
a  process  would  not  be  practicable.     He  ascertains  by  ordinary  means  the 
section  of  the  line  in  which  the  fault  is  situated  and  its  approximate  situation, 
detaches  from  the   bundle  the  portion  of  the  defective  cable  comprised 
between  the  fault  and  the  shortest  end,  suspends  it  by  insulating  tape  or 
cords»  and  applying  the  interrupted  current  to  the  far  end  slides  the  bobbin 
along  the  sheaths  until  the  sound  ceases,  and  thus  ascertains  the  position 
of  the  fault 

There  is  still  a  further  method,  according  to  Garraud,  by  which  such  a 
test  may  be  applied  in  cases  where  one  end  of  the  cable  cannot  be  separated 
oat — as,  for  instance,  where  a  wire  is  laid  up  helically  with  others  within  a 
lead  sheath.  If  the  bobbin  be  moved  along  the  latter  from  the  point  of 
a{^>lscation  of  the  battery  towards  the  fault  the  sound  in  the  telephone  rises 
and  falls  in  regular  measure  owing  to  the  helical  position  of  the  conductor 
up  to  the  position  of  the  fault,  but  when  that  is  passed  the  sound  diminishes 
contintioiisly,  for  the  current  does  not  now  follow  the  conductor,  and  the 
rirftbin    has  disappeared.     The  fault   is    localised  where  this  change  is 
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864.  Addenhrooke  Electrometer.  (Elect.  Engin.  25.  pp.  160-151,  Feb.  2, 
1900.) — This  instrument  differs  from  the  ordinary  type  of  quadrant  electro- 
meter chiefly  in  structural  detailsi  and  cannot  be  described  conveniently 
in  an  abstract.  A  full  description  with  drawings  is  given  in  the  article. 
There  are  two  sets  of  quadrant  plates,  and  their  distance  apart  is  adjustable. 
With  the  electrometer  coupled  up  idiostatically,  and  the  plates  \  inch  apart, 
an  E.M.t*.  of  1  volt  produces  a  deflection  of  from  8  to  5  mm.  on  a  scale  at 
2  m.  distance.  It  is  stated,  however,  that  Addenbrooke  has  obtained 
a  deflection  of  80  mm.  with  the  same  E.M.F.  G.  H.  B. 

865.  Combined  Ammeter  and  Voltmeter,  M.  Aliamet.  (Electricien,  18. 
pp.  425-426,  1899.) — ^This  instrument  comprises  an  ammeter  and  a  voltmeter 
of  the  Weston  type  mounted  in  one  case,  the  pointers  moving  over  separate 
scales  on  the  same  dial.  The  instrument  is  designed  for  use  on  motor-cars 
driven  by  accumulators,  the  ammeter  being  for  this  purpose  designed  to  read, 
e,g.y  up  to  16  amperes  in  one  direction  for  charging,  and  up  to  loo  amperes 
in  the  other  direction  for  discharging.  C.  K.  F. 

QQQ,  Measuring  Instruments  for  Alternate  Currents,  M.  Aliamet.  (Elec- 
trician, 19.  pp.  1-6,  Jan.  6, 1900.)— The  instruments  are  based  on  the  follow- 
ing principle  :  A  metal  disc  revolves  between  the  poles  of  an  electromagnet ; 
the  poles  are  partially  screened  from  the  disc  by  the  interposition  of  copper 
plates ;  an  alternating  current  through  the  electromagnet  then  produces  two 
fields  through  the  disc,  one  directly  and  the  other  through  the  screens. 
These  are  displaced  in  regard  to  phase  and  position,  and  consequently  pro- 
duce a  rotating  field,  which  gives  rise  to  a  turning  movement  in  the  disc. 

In  the  ammeters  and  voltmeters  the  current  passes  through  the  electro- 
magnet, and  the  pointer  is  attached  to  the  disc,  which  is  controlled  by  a 
watch-spring ;  its  oscillations  are  damped  by  a  permanent  magnet.  In  the 
wattmeter  the  main  current  passes  through  one  electromagnet,  and  the  shunt 
current  through  two  others  in  series,  an  inductive  coil  being  inserted  in  their 
circuit  to  produce  a  difference  of  phase  of  approximately  90°. 

For  high-tension  currents  the  instruments  receive  the  secondary  current 
of  a  transformer  with  its  primary  in  the  high-tension  circuit.  For  very  large 
currents  the  same  arrangement  is  adopted  in  the  case  of  the  ammeteRs  and 
wattmeters,  the  primary  of  the  transformer  being  a  flat  plate  of  copper  which 
is  bolted  in  a  gap  in  the  main  conductors.  G.  H.  B, 

867.  Power  Factor  Measurements,  A.  J.  Bovrie,  Jr.  (Elect.  World  and 
Engineer,  84.  pp.  898-901, 1899.) — This  paper  considers  the  power  factor  of 
alternating  current  circuits  when  the  current  and  potential  difference  cannot 
be  represented  by  simple  sine  curves.  The  power  factor  is  defined  to  be  the 
ratio  of  the  true  watts  to  the  apparent  watts,  and  the  phase  difference  to  be 
that  angle  whose  cosine  is  equal  to  the  power  factor. 

Two  special  cases  are  considered,  in  which  (1)  the  potential  difference  and 
the  current  are  respectively  given  by — 

f  =  10  sin  a  -|-  sin  8a 

f  =  10  sin  a  -h  2  sin  8a  +  sin  5a 

and  (2)  they  are  respectively — 

r  =  10  sin  a  —  sin  8a  -|-  sin  5a 
I  =  10  sin  a  —  2  sin  8a  -h  8  sin  6a 
—  2  cosa  -H  cos 8a  -h  COS 5a 
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Different  values  of  phase  difference  being  assumed,  tables  are  given 
showing  the  actual  calculated  values  of  the  power  factor,  and  the  correspond- 
ing values  on  the  assumption  that  the  functions  may  be  represented  by  sine 
carves.  For  example,  when  the  phase  difference  is  zero  the  actual  power 
factor  is  0«1  in  Case  1,  and  0*958  in  Case  2.  W.  G.  R. 

868.  Magn€tisation  of  Brickwork  by  Lightning.  P.  Gamba.  (Accad. 
Lincei  Atti,  8.  pp.  816-320, 1899.) — ^The  author  describes  several  well-marked 
instances  of  the  magnetisation  of  masonry  struck  by  lightning.  In  a  house 
near  Viterbo  several  magnetised  portions  of  a  wall  were  discovered,  one  of 
which  marked  a  point  passed  through  by  the  discharge.  The  author 
believes  the  magnetisation  to  be  quite  independent  of  terrestrial  magnetism, 
and  solely  due  to  the  direction  of  the  discharge.  He  believes  with  Folg- 
heraitcr  that  most  of  the  fragmentary  rocks  of  the  Roman  Campagna  which 
exhibit  magnetic  polarity  acquired  it  through  lightning  discharges.     E.  E.  F. . 

869.  MoUcular  Susceptibility  of  Paramagnetic  Salts  of  the  Rare  Earths  and 
of  the  Iron  Group.  O.  Liebknecht,  with  H.  du  Bois  and  A.  P.  Wills. 
(Ber.,  82.  pp.  8344-^8848,  Dec.  11,  1899,  and  88.  pp.  448-445,  Feb.  12,  1900.)— 
The  method  used  for  determining  the  magnetic  susceptibility  of  a  paramag- 
netic salt  consists  in  neutralising  the  diamagnetism  of  the  water  by  the 
addition  of  the  salt.  When  this  has  been  done  exactly,  a  meniscus  of  the 
solution  in  a  capillary  tube  does  not  move  either  forwards  or  backwards 
when  placed  in  a  magnetic  field. 

In  the  case  of  the  chlorides  of  .the  rare  earths  the  molecular  susceptibility 
im  increases  steadily  with  the  atomic  weight  from  yttrium  (/,«:=  0'00021) 
through  cerium,  praseodymium,  neodymium,  samarium  and  gadolinium  to 
erbium  (i«  =  0-08668),  and  then  falls  abruptly  to  ytterbium  (/,«  =  0*0071 1). 

A  similar  maximum  occurs  in  the  iron  group,  in  which  the  magnetic 
susceptibility  of  a  large  number  of  salts  has  been  determined.  The  mean 
^-alues  for  the  molecular  susceptibility  are  as  follows  : — 

Atomic  Weight.  '«w 

Chromium 521  000615 

Manganese   55*0  0*01520 

Ferrous  iron 56*0  0*01274 

Cobalt    59*0  001089 

Nickel    58*7  0*00441 

Copper  68-6  0*00162 

For  ferric  iron  the  mean  values  are  1^  =  0*01852  for  the  nitrate  and 
chloride,  but  i^  =  0*01510  for  the  bromide,  sulphate,  and  oxalate,  a  difference 
of  about  12  per  cent.  It  will  also  be  noticed  that  iron  resembles  cobalt  more 
than  nickel,  although  the  atomic  weight  of  the  latter  is  supposed  to  be  the 
smaller.  T.  M.  L. 
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872.  Solubilities  of  Argon,  and  Helium  in  Water,  T.  Estreicher. 
(Zeitschr.  Phys.  Chem.  81.  pp.  176-187,  1899.) — ^The  author,  using  a  greatly 
improved  form  of  the  apparatus  described  by  Ostwaid  in  his  book  on  physico- 
chemical  measurements,  has  made  a  very  careful  determination  of  the 
solubility-coefficients  of  argon  and  helium  for  every  fifth  degree  between 
(fC.  and  50°  C.  Helium  is  found  to  show  a  minimum  at  about  25°.  The 
author  points  out  that  the  solubility  curve  of  a  gas  must  show  a  minimum  at 
some  temperature  below  the  critical  point  of  the  system,  since  at  that  point 
the  solubility  becomes  infinite.  He  compares  the  case  of  helium  with  that  of 
hydrogen,  which  appears  to  possess  a  minimum  solubility  either  at  60°  C.  or 
somewhere  between  that  and  100°  C.  A  minimum  point  on  the  argon  curve 
was  not  reached.  Argon  probably  possesses  a  minimum  near  that  of  oxygen. 
From  the  diagram  given  by  the  author,  it  is  seen  that  the  solubility  curves  for 
nitrogen  and  helium  intersect  at  80°  C.  To  give  an  idea  of  the  solubilities, 
the  results  obtained  at  16°  C.  may  be  quoted. 

Vol.,  measured  at  Qp  and  760  mm.,  dissolved 
Gas.  by  one  volume  of  water  at  15°  C.  and  760  mm. 

Argon    -04099 

Helium -01896 

F.  G.  D. 

873.  Colloid  Solutions,  G.  Bredig  and  A.  Coehn.  (Zeitschr.  Phys. 
Chem.  82.  pp.  129-182,  Feb.  6,  1900.)— A  criticism  of  the  work  of  Stocckl, 
Vanino,  and  Stark  (see  1899,  Abstracts  Nos.  1740  and  1741),  many  of  whose 
results  are  said  to  have  been  anticipated  by  other  observers  whom  they  fail 
to  notice.  Experiments  by  Bredig  seem  to  disprove  Stark's  theory  as  to  the 
connection  of  air-bubbles  with  the  precipitation  of  colloid  metallic  solutions. 

N.  L. 

874.  Colloidal  Cadmium.  G.  Bredig.  (Zeitschr.  Phys.  Chem.  82.  pp. 
127-128,  Feb.  6, 1900.) — Except  under  special  conditions  the  preparation  by 
chemical  means  of  colloid  solutions  of  metals  more  electropositive  than 
hydrogen  is  impracticable,  since  water  would  necessarily  be  directly  decom- 
posed by  the  reducing  agent  employed.  If,  however,  an  electric  arc  is 
formed  under  water  between  cadmium  electrodes,  using  a  current  of  6-10 
amperes  at  80-40  volts,  a  dark  brown  solution  of  the  metal  is  obtained,  which 
gradually  oxydises  on  exposure  to  air,  and  is  coagulated  by  the  addition  of 
electrolytes.  A  solution  of  zinc  was  also  obtained  in  the  same  way,  but  this 
is  very  unstable.  N.  L. 

876.  Relations  between  the  Atomic  Weights  and  Physical  Properties  of 
Elements.  T.  Bayley.  (Chem.  News,  80.  p.  282,  1899.)— It  is  pointed  out 
that  the  product  of  the  absolute  melting-point  and  the  coefficient  of  linear 
expansion  is  approximately  constant  for  many  elements,  and  equal  to  about 
OiX2,  In  the  case  of  magnesium,  silver,  sulphur,  sodium,  and  potassium, 
higher  values  are  found— 0*024  to  0K)28.  From  this  relation  it  f oUolvs  Ijbat 
^  atomic  expansion,  measured  from  ab^Wte  i^q  \,<)  the  meltini;»poai|; 
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vmries  directly  as  the  atomic  volume.  It  is  also  shown  hilt&lfio&^^fR^i^UI^ 
of  similar  character  simple  relations  exist  between  «^Vi*»ltfoiiiAc  fr^nnri  ^r^rfh^  I 
ratio  of  the  atomic  heat  to  the  square  of  the  atomic  weight.  Thus  the  value 
of  this  ratio  for  potassium  is  very  nearly  one-third  of  the  value  for  sodium, 
and  the  value  for  zinc  is  half  that  for  copper.  N.  L. 

876.  Sew  Spectrum  Lines  oj  Argon.  R.  Nasini^  F.  Anderlini,  and  R. 
Salvadori.  (Accad.  Lincei  Atti,  8.  pp.  269-271,  1899.)— The  author 
announces  the  discovery  of  some  new  lines  in  the  infra-red  spectrum  of 
argon.  They  are  six  in  number,  and  all  rather  faint.  Their  wave-lengths 
are:  796-0;  808*0;  8140;  882*0;  8460;  and  867-6.  The  material  from 
which  the  argon  was  obtained  was  taken  from  a  fumarole  of  Vesuvius.  The 
spectrum  shows  all  the  usual  lines  of  argon,  though  their  intensities  are 
distributed  in  a  somewhat  di£Ferent  manner.  £.  £.  F. 

877.  Hydrolysis  of  Chloride  Solutions  on  Standing  or  by  Light.  F. 
Kohlrausch.  (Deutsch.  Phys.  Gesell.,  Verh.  1.  pp.  259-264,  1899.)— The 
author  shows  that  the  gradual  hydrolysis  which  takes  place  in  aqueous 
solutions  of  platinum  tetrachloride,  as  evidenced  by  a  decrease  of  the 
electrical  conductivity,  is  caused  mainly  by  the  action  of  light.  Sunlight 
accelerates  the  hydrolysis  to  a  much  greater  extent  than  diffused  daylight, 
whilst  light  passed  through  a  yellow  glass  exerts  very  little  influence,  this 
being  also  the  case  with  incandescent  gas  light.  The  action  on  strong 
solutions  is  relatively  slower  than  with  weak.  Hydrogen  platinichloride 
shows  similar  behaviour,  the  hydrolysis  of  dilute  solutions  being  considerably 
accelerated  by  the  action  of  Ught ;  strong  solutions,  however,  show  no  change 
in  conductivity,  either  spontaneous  or  caused  by  light.  Gold  chloride  is  not 
sensitive  to  light,  but  when  a  dilute  solution  is  left  in  the  resistance  cell  a 
change  occurs  in  which  the  platinum-black  of  the  electrodes  takes  part. 
The  author  s  observations  on  stannic  chloride  have  been  partially  anticipated 
by  Foster  (see  1899,  Abstract  No.  1988),  with  whose  results  they  agree  ;  light 
produces  no  hydrol3rsi3  in  this  case.  T.  H.  P. 

878.  Physico^hemical  Studies  of  Tin.  £.  Cohen  and  C.  van  Eijk. 
(Zcitschr.  Phys.  Chcm.  80.  pp.  601-622,  1899.)— The  crumbling  of  ordinary 
white  tin  into  powdery  grey  tin  was  observed  in  1861  by  O.  L.  Erdmann  in  the 
case  of  some  old  organ-pipes  containing  8*7  per  cent,  of  lead,  and  again  in  1869 
by  Fritzsche  in  the  case  of  some  blocks  of  pure  tin  which  had  been  exposed 
to  an  intense  cold  diu'ing  the  preceding  winter.  Fritzsche  showed  that  the 
change  from  grey  to  white  tin  was  reversible,  and  could  be  made  to  proceed 
in  either  direction  by  heating  or  cooling.  The  grey  tin  has  a  much  lower 
density  than  white  tin,  and  when  immersed  in  dilute  potash,  hydrochloric 
acid  (»'  sulphuric  acid  appears  electronegative  towards  it. 

By  using  a  dilatometer  the  authors  were  able  to  locate  the  transition-point 
from  grey  tin  to  white  tin,  since  the  petroleum  in  the  capillary  began  to  sink 
when  the  temperature  had  been  slowly  raised  to  30°.  The  position  of  the 
transition-point  was  determined  exactly  from  the  electromotive  force  of  an 
element — grey  tin  |  10  per  cent,  solution  of  pink  salt  |  white  tin — which  became 
zero  at  2(f  .  It  was  then  found  that  the  conversion  of  white  tin  into  grey  tin, 
wbich  cannot  readily  be  brought  about  even  by  cooling  to  —  88°,  can  be 
cattily  cfected  by  cooling  to  — 16°  if  a  few  drops  of  the  pink-salt  solutvoti  -dx^ 
to  the  tin-powder;  the  change  from  grey  to  white  at  temper atoces 
kfm  dtgMn j$bove  thp  transition-point  also  takes  place  quite  readW^ 
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presence  of  a  few  drops  of  pink-salt.  The  determination  of  the  transition- 
point  shows  that,  except  during  a  few  warm  days  in  summer,  the  whole  of 
the  world's  tin  supply  is  in  a  metastable  condition,  and  tends  slowly  to 
crumble  away  to  grey  tin.  Determinations  of  the  velocity  of  change  showed 
that  the  conversion  of  white  tin  to  grey  tin  takes  place  most  rapidly  at  about 
—  48"  C. ;  grey  tin  can,  however,  be  prepared  in  large  quantities  by  mixing  a 
Urge  mass  of  tin-filings  with  a  little  grey  tin,  adding  pink-salt  solution  and 
keeping  at  —  6°  during  eight  days.  T.  M.  L. 

879.  New  Type  of  Transition  Element.  E.  Cohen.  (Zeitschr.  Phys. 
Chem.  80.  pp.  628-627, 1899 ;  read  before  the  Konigl.  Akad.  der  Wissenschaf ten 
zu  Amsterdam.  Sept.  80,  1899.) — The  new  type  of  transition-element  is  that 
made  use  of  in  the  work  described  in  the  preceding  Abstract,  and  consists  of 
the  combination  :  Metal  M  (stable  a-modiiication)  |  dilute  solution  of  a  salt 
of  the  metal  M  |  metal  M  (metastable  /3-modification). 

T.  M.  L. 

880.  Hydrolysis  of  Salt  Solutions,    L.  Bruner.     (Zeitschr.  Phys.  Chem. 
82.  pp.  188-136,  Feb.  6, 1900.)— The  author  gives  the  results  of  determinations 
of  the  hydrolytic  dissociation  of  solutions  of  varying  strengths  of  twenty-three 
chlorides,  ten  nitrates,  and  three  sulphates,  the  optical  sugar-inversion  method 
of  measurement  being  made  use  of.     The  following  are  the  conclusions 
drawn  :   (1)  The  chlorides  of   the  tetravalent  metals  are  the  most  highly 
dissociated  salts,  stannic  chloride,  for  example,  being  completely  dissociated        # 
at  the  dilution  i^  =  8.    (2)  After  these  come  the  salts  of  iron,  aluminium, 
uranium,  and  beryllium,  which  mostly  show  considerable  dissociation.    (8)        j 
For  other  salt  solutions  the  amount  of  dissociation  is  alwavs  much  less  than       '^ 
1   per  cent.    No  hydrolysis  can  be  detected  in  solutions  of  ammonium,       i 
potassium,  lithium,  manganous,  cobaltous,  cerous,  or  erbium  chloride,  nor  in 
silver,  manganous  or  cobalt  nitrate.    For  the  chlorides  of  the  alkaline  earth 
metals,  the  percentages  of  dissociated  salt  lie  between  0*02  and  0*07  per  cent., 
and  are  hence  too  small  to  be  reliable.    (4)  In  the  case  of  uranium,  aluminium, 
and  berylhum  salts,  the  chlorides  suffer  the  most  and  the  sulphates  the  least 
hydrolysis,  the  nitrates  being  intermediate.    The  results  of  the  author's  work, 
which  was  originally  published  in  Polish  by  the  Warsaw  Society  for  Pro- 
moting Trade  and  Industry  (Wszechswiat,  1898.  28.  865),  are  in  complete 
accord  with  th6se  of  Ley  (Zeitschr.  Phys.  Chem.  80.  2.  218,  1899).       T.  H.  P. 

881.  Real  and  Apparent  Freezing-point  and  Freezing-point  Methods,  M. 
Wildermann.  (Zeitschr.  Phys.  Chem.  80.  pp.  577-685,  1899.)— The 
author  gives  a  rhumc  of  the  modern  theory  of  freezing-point  determinations, 
which  was  founded  by  Nernst  and  Abegg,  and  has  since  been  extended  and 
worked  out  by  himself.  Having  sketched  the  theory  and  given  the  various 
formulae,  the  author  proceeds  to  explain  how  these  formulae  may  be  employed 
to  calculate  the  error  of  any  particular  method.  The  object  aimed  at  in 
freezing-point  measurements  is  to  bring  the  observed  temperature  of 
equilibrium,  f.^.,  the  apparent  freezing-point,  as  nearly  as  possible  into 
coincidence  with  the  convergence-temperature,  i.e,,  the  temperature  of  radia* 
tion-equilibrium  with  the  surroundings.  In  practice,  exact  coincidence 
cannot  be  attained,  and  so  the  author  calculates  what  error  is  produced  by 

a  di£Ference  between  these  temperatures  of  0*1**  C.    By  "  error "  is  under 
stood  here  the  difference  between  the  observed  temperature  df  eqaUtbrtitf 
td  the   true  /reezing-point.    He  finds  tor  Yns  o^iti  lac.^^  la 
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a00002f*  C, and  for  two  other  methods  errors  of  O006''-0012°  and  0004°.  His 
conclusion  is  that  for  work  with  very  dilute  solutions,  correct  thermometry  in 
the  ordinary  sense  is  not  sufficient.  Everything  depends  on  the  correct 
adjustment  of  the  factors  which  determine  the  observed  temperature- 
equilibrium.  F.  G.  D. 

882.  Carbon-consuming  Batteries  and  their  Possibilities,  TV.  R.  Cooper. 
(Inst.  Junior  Engineers,  Trans.  9.  pp.  97-120,  1898-99.) — The  author  compares 
the  efficiency  of  a  steam-generating  plant  with  a  battery,  and  finds  about  12  per 
cent,  in  the  former  and  73  per  cent,  in  the  latter  case.  It  is  shown  that  in 
everyday  working  the  efficiency  of  the  steam-plant  will  probably  be  nearer 
6  per  cent.,  owing  to  practical  difficulties.  There  is  thus  seen  to  be  a  great 
opening  for  a  battery  which  could  transform  the  chemical  energy  of  the 
system,  carbon  -f  oxygen,  into  electrical  energy.  The  author  then  considers 
the  theoretical  conditions  which  a  voltaic  cell  must  fulfil,  and  emphasises  the 
fact  that  for  voltaic  action  the  products  of  the  chemical  reaction  must  appear 
at  separate  points.  From  a  consideration  of  the  nature  of  carbon  and  its 
compounds,  it  is  shown  that  the  chief  difficulties  in  constructing  a  carbon- 
consuming  battery  are  :  (1)  Insoluble  nature  of  carbon ;  (2)  Scarcity  of 
electrolytic  carbon  compounds ;  (3)  Inability  of  carbon  to  act  as  an  ion. 
Having  shown  that  the  Grove  gas  coll  is  commercially  useless  owing  to  the 
slow  rate  of  absorption  of  the  gases  by  the  electrodes,  the  author  goes  on  to 
consider  the  cells  proposed  by  Borchers,  Reed,  Coehn,  Jacques,  and  Blumen- 
berg,  and  shows  that  none  of  these  cells  are  really  true  voltaic  combinations 
for  transforming  the  chemical  energy  of  the  system  carbon  -f  oxygen  (or 
carbon  monoxide  -f  oxygen)  into  electrical  energy.  They  all  fail  to  fulfil  the 
fundamental  conditions.  F.  G.  D. 

883.  Antimony  Trichloride  in  Cryoscopy.  S.  Tolloczko.  (Zeitschr.  Phys. 
Chem.  30.  pp.  705-710, 1899 ;  read  before  the  Kaiserl.  Akad.  der  Wissenschaf ten 
in  Krakau,  Nov.  6,  1899.) — In  order  to  test  the  validity  of  Briihl's  views  con- 
cerning the  causes  of  the  dissociating  power  of  solvents  (1899,  Abstract  No. 
861),  the  author  has  examined  the  cryoscopic  behaviour  of  solutions  of  several 
organic  and  inorganic  compounds  in  antimony  trichloride.  As  the  heat  of 
fusion  of  this  solvent  is  unknown,  the  mean  experimental  number,  184,  is 
taken  for  the  molecular  depression  of  the  freezing-point.  Xylene,  anthracene, 
diphenylmethane,  acetophenone,  and  benzophenone  show  normal  molecular 
weights  ;  whilst,  with  potassium  chloride  and  bromide,  dissociation  occurs 
to  an  cartent  which  diminishes  as  the  concentration  increases.  Antimony 
chloride,  then,  possesses  dissociating  power,  as  Briihl's  theory  would  indicate. 

For  determining  the  molecular  weight  of  organic  substances  this  solvent 
i>  very  convenient,  as  it  has  a  very  high  molecular  depression,  and  hence 
^inits  of  the  use  of  dilute  solutions.  T.  H.  P. 


r.  Freezing-points  of  Solutions.  E.  H.  Loomis.  (Phys.  Rev.  9.  pp. 
237-287,  1899.) — ^The  author  shows  that  his  cryoscopic  method  is  exact.  An 
ciTor  wsis  discovered  which  was  due  to  the  fact  that  the  thermometer  when 
not  in  use  was  kept  wholly  packed  in  ice.  Only  the  lower  part  of  the 
thermocneter  should  be  so  treated,  the  upper  part  being  kept  at  the  tempera- 
ture of  the  room.  The  greater  part  of  the  paper  contains  results  obtained 
vitb  dthite  aqueous  solutions  of  non-electrolytes,  including  n-propy\  aVcoVvoV, 
m4mtyi  alcohol,  amyl  alcohoJ,  glycerine,   acetone,   dextrose,    caue    su^at, 

aBaa«laa>mA     W9%^f9t9rt    ^tf*rkhnt     ^fhtrJ     tlr^^U^I       ^^^      ,.1.1 All      a.\ .    .         .^k. 
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the  last  three,  have  the  same  value  for  the  molecular  depression,  viz.,  1*86. 
The  van't  Hoff  constant  is  1*87,  but  this  difference  might  be  accounted  for  by 
a  small  error  in  the  heat  of  fusion  of  ice.  As  the  concentration  of  the 
solutions  increases,  the  molecular  depression  varies.  This  is  not  surprising 
when  it  is  remembered  that  the  solute  is  assumed  to  occupy  a  volume  equal 
to  that  of  the  solution,  like  an  ideal  gas.  In  the  equation  of  van  der  Waais  a 
correction  is  introduced  so  as  to  allow  for  the  space  taken  up  by  the  molecules 
themselves.  A  similar  correction  in  the  case  of  solutions  may  be  effected  by 
defining  the  concentration  in  terms  of  gramme-molecules  per  1,000  c.c.  of 
solvent,  instead  of  in  gramme-molecules  per  1,000  c.c.  of  solution.  Upon  re- 
calculating the  depression  on  this  basis  the  author  finds  that  the  molecular 
depression  is  constant  in  the  case  of.  methyl  and  ethyl  alcohol,  glycerine, 
dextrose,  mannite,  and  chloral  hydrate  (limits  generally  001  to  0*20  grammes 
per  litre).  Want  of  constancy  in  the  case  of  methyl  and  ethyl  alcohol  and 
ether  may  possibly  be  due  to  evaporation  from  the  solution.  W.  R.  C. 

885.  Application  of  the  Pliase  Law  to  Alloys  and  Rocks.  H.  le  Chatelier. 
(Comptes  Rendus,  130.  pp.  85-87,  Jan.  8,  1900.) — The  author  first  enunciates 
the  phase  law  in  the  form  v  =  n  -f  ^  —  r,  where  v  :=  no.  of  degrees  of  freedom 
of  system,  n  =  no.  of  independent  components,  p  =  no.  of  variable  physical 
parameters,  and  r  =  no.  of  phases.  If  temperature  be  the  only  physical 
parameter  which  is  variable,  then  v^n+l  —  r.  If  we  now  consider  a 
mixture  of  solid  bodies  at  ordinary  temperatures,  obtained  by  a  series  of 
reversible  transformations  (such  as  solidification  by  cooling,  crystallisation 
from  a  solution,  &c.),  the  result  will  be  a  stable  solid  mixture  whose  tempera- 
ture may  be  varied  within  finite  limits  without  anyone  of  the  phases  necessarily 
disappearing.  Hence  v  =  l  and  therefore  n=:r.  We  thus  arrive  at  the 
proposition  :  "  The  stable  state  of  a  solid  mixture  obtained  in  this  way  is  such 
that  the  number  of  phases  present  is  equal  to  the  number  of  independent 
constituents." 

As  an  example  of  this  proposition  the  author  considers  the  gradual  cooling 
of  melted  cast  iron.  The  following  stages  occur:  (1)  Liquid,  r  =  1,  ?» =s  2. 
Temperature  and  composition  variable.  (2)  Liquid  +  graphite,  r  =  2,  ?'=s  1. 
Composition  of  liquid  a  function  of  the  temperature.  (8)  Liquid  4-  graphite 
-f-  solid  solution  of  carbon  ;  r  =  3,  7/  =  0.  Temp.  =  circa  1,150°.  (4)  Graphite 
+  solid  solution  ;  r  =  2,  7;=:  1.  Composition  of  solid  solution  a  function  of 
the  temperature.  (5)  Graphite  -f  solid  solution  +  pure  iron  ;  r  =  8,  7'  =  0. 
Temp.  =  circa  700.  (6)  Graphite  -f  pure  iron  ;  r  =  2, 7'  =  1.  Variation  of 
temperature  ceases  to  affect  the  state  of  the  system,  which  now  cools  down  to 
ordinary  temperature  without  further  change. 

[These  considerations  are  quite  analogous  to  those  introduced  by  van't 
Hoff  and  Meyerhoffer  in  their  treatment  of  paths  and  end-points  of 
crystallisation.] 

As  a  further  example  we  have  granite  with  the  three  independent  con- 
stituents— silica,  alumina,  and  potassium  oxide — and  the  three  phases— quartz, 
felspar,  and  mica.     If  for  any  such  solid  mixture  r>n,  then  some  of  the 
successive  changes  have  been  irreversible,  and  the  solid  mixture  will  not  be 
stable.    The  two  principal  causes  operating  to  produce  such  unsf;^ble  mixtures 
are  rapid    cooling  and  solidification  in  successive  layers,  whereby  certai] 
parts  become  practically  isolated.    The  author  finally  points  out  that  in  tb 
case  of  metallic  alloys  such  unstable  solid  mixtures  are  characterised  \ 
properties  which  vary  greatly  with  the  particular  procedure  followed  in  thi 
Lpreparar/on.  F,  G.  i 


CHEMICAL  PHYSICS  AND  ELECTRO-CHEMISTRY.  331 

886.  Kinetics  of  Reactions  with  Secondary  Action.  R.  Wegscheider. 
(Zeitschr.  Phys.  Chem.  80.  pp.  698-600,  1900.)— A  secondary  action  (Neben- 
wirkung)is  one  in  which  the  original  substances  forming  the  principal  reaction 
are  concerned,  but  suffer  a  different  transformation  to  that  of  the  principal 
reaction.  A  subsequent  action  (Folgewirkung)  is  one  in  which  the  products 
of  the  principal  reaction  react  further.  The  author  gives  the  differential 
equations  for  the  case  of  secondary  actions,  and  the  solutions  in  certain  cases. 
The  mathematical  reasoning  does  not  admit  of  an  abstract,  but  the  following 
conclusions  are  arrived  at :  (1)  If  m  reactions  occur  together,  w  differential 
equations  are  in  general  required  to  express  the  course  of  the  action.  The 
ratio  of  products  formed  in  the  different  reactions  is  not  independent  of  the 
time.  (2)  If  in  n  of  the  reactions  the  same  proportions  of  the  reacting 
substances  are  involved,  the  number  of  differential  equations  is  reduced  to 
m  —  (n  —  1).  (8)  If  in  two  reactions  the  same  proportions  of  the  reacting 
substances  are  involved,  the  ratio  of  products  formed  in  the  two  is  independent 
of  the  time.  The  same  is  true  if  for  any  other  reason  (e.g.,  appropriate 
catalytic  action)  the  expressions  for  the  velocities  of  two  reactions  differ 
only  by  a  constant  factor.  And  conversely  such  a  constant  ratio  of  products 
is  a  proof  of  the  existence  of  a  jeaction  with  secondary  actions  of  the 
properties  stated.  R.  A.  L. 

887.  lonisation  Constants  of  Very  Weak  Acids.  J.  Walker  and  W. 
Cormack.  (Chem.  Soc,  Journ.  77  and  78.  pp.  5-21,  Jan.,  1900.) — By  means 
of  a  closed  apparatus  specially  devised  for  use  with  solutions  of  gaseous 
>ubstances,  the  authors  have  carefullv  determined  the  electrical  conductivities 
of  solutions  of  a  number  of  compounds  of  an  acid  nature.  Their  results  are 
shown  in  the  following  table,  the  first  column  of  figures  giving  the  ionisation 
constants,  k,  calculated  by  Ostwald's  formula,  and  the  second,  the  percentage 
ionisation  in  decinormal  solution  ;  the  values  for  hydrochloric  and  acetic 
acids  are  added  for  comparison. 

*  X  10*0.  100  m. 

Hydrochloric  acid ...  91*4 

Acetic  acid 180,000  ISO 

Carbonic  acid 8,040  0174 

Hydrogen  sulphide  570  0075 

Boric  acid   17  0018 

Hydrocyanic  acid 18  0*011 

Phenol 1-8  00087 

A  single  experiment  with  acetylene  shows  that  its  acid  properties  are  very 
feeble,  the  dissociation  constant  being  less  than  that  of  phenol.  Althougli 
the  values  obtained  by  the  authors  for  the  conductivities  and  constants  of  the 
weaike^t  acids  are  certainly  too  high,  the  errors  are  not  great,  as  the  numbers 
are  in  good  agreement  with  the  hydrolysis  determinations  of  Shields  (Phil. 
Mag.  V.  35.  p.  865,  1898).  The  bearing  of  the  authors'  results  on  those  of 
previous  observers  is  discussed  in  detail.  T.  H.  P. 

888.  lonisation  Constants  of  Weak  Acids  and  the  Hydrolysis  of  tlieir  Alkali 
Salts,    J.  Walker.    (Zeitschr.  Phys.  Chem.  82.  pp.  187-141,  Feb.  6,  1900.) 

From  the  values  obtained  by  Walker  and  Cormack  (see  preceding  Abstract) 

for  tbe  ionisation  constants  of  various  weak  acids,  the  author  calculates  the 
percentage  of  hydrolysed  salt  in  0'1-normal  solutions  of  the  acetate,  b\- 
cariMoate,  solphydride,  metaborate,  C3ranide,  and  phenolate  of  sodium.    T\ve 

agree  on  the  whole  with  those  obtained  by  Shields  (Zeitsotir.  I^Yvy^ 
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889.  Electrochemical  Equivalents  of  Copper  and  Silver.  T.  W.  Richards, 
E.  Collins,  and  G.  W.  Heimrod.  (Amer.  Acad.,  Proc.  85.  pp.  128-150, 1899.) 
Metallic  copper  dissolves  in  an  acid  solution  of  copper  sulphate,  even  when 
free  from  air  and  protected  by  an  atmosphere  of  hydrogen,  giving  rise  to 
cuprous  sulphate ;  a  deficiency  is  thus  caused  in  the  deposit  of  metal  which 
is  proportional  to  the  area  of  the  plate,  and  can  be  corrected  for  by  extra- 
polating to  a  plate  of  zero  area.  In  a  neutral  solution,  on  the  other  hand,  the 
values  are  too  high,  owing  to  the  deposition  of  cuprous  oxide  on  the  kathode  ; 
the  solution  employed  must  therefore  be  acid.  By  reducing  the  area  of  the 
kathode  the  error  due  to  dissolution  of  the  copper  can  be  materially  reduced, 
but  if  the  current  density  becomes  at  all  high,  the  weight  of  metal  is  reduced 
owing  to  the  deposition  of  hydrogen  in  place  of  copper  ;  this  effect  is  most 
pronounced  in  dilute  solutions,  which  might  otherwise  be  employed  with 
advantage  to  reduce  the  error  due  to  dissolution  of  copper. 

The  best  values  for  the  electrochemical  equivalent  of  copper  are  obtained 
only  when  the  following  precautions  are  used  :  (1)  The  solution  must  be  cooled 
with  a  freezing  mixture  ;  (2)  it  must  be  acidified  to  prevent  hydrolysis  of  the 
cuprous  sulphate  and  precipitation  of  cuprous  oxide  on  the  kathode  ;  (8)  it 
must  be  as  dilute  as  is  consistent  with  preventing  the  liberation  of  hydrogen  ; 
(4)  air  must  be  excluded.  By  adopting  these  precautions  and  extrapolating 
to  a  plate  of  zero  area  the  maximum  atomic  weight  of  copper  has  been  found 
to  be  63*563,  taking  that  of  silver  as  107'93  and  using  the  ordinary  form  of 
silver  voltameter.  Using  a  cupric  solution  already  saturated  with  cuprous 
sulphate,  higher  values  were  obtained,  viz.,  63-573  at  0°  and  63-615  at  60°. 

The  ordinary  form  of  silver  voltameter  has  been  shown  by  a  number  of 
observers  to  give  variable  results  owing  to  secondary  actions,  accompanied 
by  the  liberation  of  acid,  at  the  anode.  These  sources  of  error  are  very 
largely  eliminated  by  enclosing  the  anode  in  a  porous  pot  instead  of  a  filter- 
paper,  and  keeping  the  level  of  the  liquid  lower  inside  than  outside  the  pot. 
Under  these  conditions  the  electrochemical  equivalent  of  silver  was  found  to 
be  00011173  grammes  per  ampere-second,  and  that  of  copper  becomes 
0*0003292  grammes  per  ampere  second  when  the  corrected  value  for  silver  is 
used  ;  hence  also  96,610  coulombs  correspond  to  one  gramme-equivalent  of 
an  electrolyte.  The  atomic  weight  of  copper,  determined  from  the  corrected 
electrochemical  equivalent  is  shown  to  lie  between  63*598  and  63*615,  and 
agrees  closely  with  the  value  63*604  obtained  by  chemical  methods. 

The  paper  contains  full  references  to  the  work  of  Foerster  and  Siedei, 
Kahle,  Patterson,  and  Guthe,  and  other  workers  on  the  subject.  T.  M.  L. 

890.  Ozone  by  Electrolysis,  G.  Targetti.  (N.  Cimento,  10.  pp.  860-865, 
1899.)  The  author  gives  results  of  a  number  of  experiments  made  in  order  to 
determine  the  best  conditions  for  the  production  of  ozone  by  electrolysis. 
His  conclusions  are  :  (1)  Lead  is  the  best  metal  for  the  electrodes;  (2)  the 
amount  of  ozone  evolved  per  unit  of  energy  expended  is  proportional  to  the 
current  density  at  the  anode  ;  (3)  the  best  concentration  for  the  sulphuric 
acid  is  that  corresponding  to  a  density  of  22°  lie  (1*180) ;  (4)  oxygen  con* 
taining  the  same  proportion  of  ozone  is  evolved,  whether  the  voltameter  is 
kept  at  —  2°  or  -f  17° ;  (5)  a  current  of  air  injected  into  the  liquid  greatly 
increases  the  yield  of  ozone.  Ozone  cannot  be  produced  economically  by 
eJectrolysis,  as  by  the  expenditure  of  1  H.P.-hour,  about  2*78  grammes  c 

ozone  are  obtained,  whilst  Andreoli  guarantees  100  grammes,  and  by  usin 
bi/;rh  frequencies  Otto  has  obtained  as  much  as  154*9  grammes  for  the  sap 
^nouut  of  energy-.  T.  H. 
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891.  Deposition  of  Silver -Cadmium  Alloys,  S.  Co^vper-Coles.  (Indus. 
and  Iron,  26.  pp.  69,  85,  102-104  and  164-165,  1899.)— A  serial— incom- 
plete—relating  to  the  influence  of  current  density,  strength  of  electrolyte, 
ratio  of  metallic  salts  in  solution,  and  presence  of  extraneous  salts,  upon  the 
deposits  of  silver  and  cadmium  obtained  at  the  kathode  by  electrolysis  of  a 
solution  of  the  double  cyanide  of  these  two  metals.  After  an  historical  intro- 
duction, very  full  details  are  given  of  the  experiments  made  by  the  author 
bearing  upon  the  above  points  ;  and  numerous  tables  and  diagrams  are 
printed  containing  the  results.  The  articles  are  not  adapted  for  useful 
abstraction,  and  the  originals  should  be  referred  to  by  those  interested  in  the 
subject.  J.  B.  C.  K. 

892.  Electrochemical  Behaviour  of  Silver  Fluoride  and  of  Fluorine.  R. 
Abegg  and  C.  Immerv^ahr.  (Zeitschr.  Phys.  Chem.  32.  pp.  142-144, 
Feb.  6,  1900.) — The  authors  have  determined  the  molecular  conductivi- 
ties, in  ohm~*  cm.~*  units,  of  solutions  of  silver  fluoride.  In  the  more 
concentrated  solutions,  this  salt  shows  almost  exactly  the  same  dissociation  as 
silver  nitrate,  whilst  for  dilutions  greater  than  about  0*00516  normal,  the 
v-alues  obtained  for  the  molecular  conductivity  exceed  the  value,  01016, 
indicated  by  Kohlrausch  and  Holborn  (Leitvermogen  der  Elektrolyte,  p. 
202)  for  solutions  of  infinite  dilution  ;  in  these  dilute  solutions,  then,  hydro- 
lysis takes  place,  owing  to  the  slight  electro-affinity  of  the  silver  ion.  This 
high  degree  of  dissociation  of  silver  fluoride  shows  that  the  fluorine  ions  are 
possessed  of  very  great  electro-affinity,  a  conclusion  confirmed  by  the  value, 
1-75  volt,  of  the  decomposition  E.M.F.  of  fluorine. 

The  authors  find  that  perfectly  neutral  solutions  of  silver  fluoride  dissolve 
an  appreciable  quantity  of  silver  oxide,  and  are  then  alkaline  to  litmus, 
although  a  saturated  aqueous  solution  of  silver  oxide  has  a  neutral  reaction. 
This  increase  in  solubility  of  silver  oxide  in  water  containing  another  silver 
ion  is  due  to  the  formation  of  a  complex  ion  of  the  probable  composition 
.AgjAgOH.  T.  H.  P. 

893.  Villon  Process  for  Manufadurinii  Alcohol.  {VAect  Rev.  X.Y.  85.  p. 
37.3,  1899.) — The  Villon  process  for  the  manufacture  of  ethyl  alcohol  is  now 
in  operation  in  Russia,  and  the  product  is  being  used  as  a  fuel  in  motor 
vehicles.  The  raw  materials  of  the  process  are  limestone  and  coke.  These 
are  ground,  and  heated  together  in  an  electric  furnace  in  order  to  produce 
calcium  carbide.  The  carbide  is  then  decomposed  with  water  in  the  usual 
manner,  and  the  resulting  acetylene  gas  is  converted  into  ethylene  gas  by 
allowing  it  to  pass  through  a  solution  of  chromium  and  ammonium  sulphates, 
maintained  at  a  temperature  of  40^  C.  The  ethylene  gas  is  then  absorbed  in 
^^alphuric  acid,  and  the  hydrogen-ctiiyl-sulphate  obtained  in  this  way  is 
di>tilled  after  the  addition  of  water.  The  distillate  is  condensed  and  is  ethyl- 
alcohol  of  a  very  pure  character.  It  is  stated  that  with  carbide  at  $20  per 
ton,  the  cost  of  the  alcohol  is  8  cents  per  gallon.  Figures  showing  the 
apparatus  used  in  this  method  of  manufacture  are  given.  J.  B.  C.  K. 

rp:ferences. 

8M.  Contact  v.  Chemical  Theory.  (Elect.  Rev.  45.  pp.  1031-1034, 1899.)— Discus- 
sioo  of  the  theory  of  the  Voita  effect.  W .  R.  C. 


Ionic  Velocities.    O.  Idasson,    (Roy.  Soc.,  Phil.  Trans.  102.  v^p.  ^^l-i5Si, 
>— A  paper  similar  to  that  referred  to  in  Abstract  No.  258  (1900).  \V .  K  oL 
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896.  Advantages  of  Superheating  and  the  Superheater  of  IMge  Unwersity. 
G.  Duchesne.  (Amer.  Electn.  12.  pp.  76-76,  Feb.,  1900.) — A  few  authentic 
cases  are  cited  of  the  increased  economy  due  to  superheating,  and  a  descrip- 
tion of  the  Liege  superheater  is  given  together  with  the  results  of  some  tests 
showing  a  saving  due  to  superheating  of  11*26  per  cent,  on  an  installation  not 
designed  to  obtain  economy.  J.  T.  R. 

897.  Dellwik-Fleischer  Water-Gas,  (Engineering,  69.  pp.  118-119,  Jan.  26, 
1900.) — All  practical  water-gas  processes  are  intermittent,  and  consist  in 
heating  up  the  fuel  by  means  of  an  air-blast,  followed  by  the  decomposition 
of  steam  by  contact  with  the  incandescent  carbon  thus  heated.  The  older 
water  gas  generators  produce  generator  gas  (CO  -f-  Na)  during  the  heating 
periods,  which  occupy  about  forty-five  minutes  of  each  hour,  leaving  only 
fifteen  minutes  for  the  water-gas  production.  The  Dellwik-Fleischer  water- 
gas  generators  are  heated  about  ten  minutes,  giving  only  waste  gas  (COa  +  N,), 
leaving  fifty  minutes  of  the  hour  for  the  water-gas  production,  so  that  the 
yield  of  gas  is  more  than  double  that  obtained  by  the  older  processes.  Vivian 
B.  Lewes  found  by  experiment  that  one  ton  of  coke,  containing  87*66  per  cent., 
or  1961*8  lbs.  of  carbon,  yielded  77,241  cubic  feet  of  Dellwik  water-gas, 
having  a  gross  calorific  value  in  Junker's  calorimeter  of  804  B.Th.U.  per 
cubic  foot.  Hence  the  calorific  value  of  this  water-gas  from  a  ton  of  coke 
was  over  82  per  cent,  of  the  heating  value  of  the  total  coke  used  in  both 
generator  and  steam  boiler,  taking  20  per  cent,  of  the  coke  as  used  for  raising 
steam.  Every  1  lb.  of  carbon  yielded  nearly  40  cubic  feet  of  this  water-gas 
composed  of  51  per  cent,  hydrogen,  41  per  cent,  carbonic  oxide,  0*5  per  cent, 
of  marsh-gas,  45  per  cent,  carbonic  acid,  and  3  per  cent,  nitrogen.  During  the 
last  two  years  Dellwik  water-gas  has  been  used  in  the  iron  industry  for  firing 
the  welding  furnaces,  and  for  tempering  and  annealing.  On  the  Continent  this 
water-gas  is  also  used  to  increase  the  capacity  of  coal-gas  works.  The  mixture 
of  coal-gas  and  water-gas  is  enriched  by  benzol  to  the  desired  candle-power. 
The  supply  of  benzol  is  steadily  increasing  from  by-product  coke  ovens,  and 
at  the  present  time  benzol-carburetted  water-gas,  as  admixture  to  coal-gas,  is 
produced  in  Germany  at  a  lower  cost  than  is  possible  with  water-gas  enriched 
by  oil.  As  an  enricher  benzol  is  likely  to  supplant  petroleum  owing  to  the 
rise  in  the  price  of  the  latter. 

Dellwik  water-gas  is  one  of  the  cheapest  fuels  for  producing  power  by 
means  of  gas  engines.  One  large  gas  engine  firm  is  prepared  to  guarantee  a 
consumption  of  305  cubic  feet  of  this  water-gas  per  H.P.  hour.  With  coke 
at  9s.  per  ton  the  gas  costs  only  about  3d.  per  1,000  cubic  feet,  and  this  makes 
the  cost  per  hour  of  a  H.P.  about  jV^.  for  fuel.  W.  R. 

898.  Tests  of  a  Wcstinghouse  Gas  Engine,  C.  H.  Robertson.  (Engineer-  J 
ing,  69.  pp.  135-140,  Jan.  26,  1900.  Paper  read  before  the  American  Society  i 
of  Mechanical  Engineers.) — The  author  gives  (1)  a  description  with  drawings 

of  a  125  H.P.  Westinghouse  gas  engine,  using  natural  gas  and  driving  a 
60-kilowatt  two-phase  alternator ;  and  (2)  results  of  a  five  hours'  test,  undo 
^rvicc   conditions,  with  measurements  of    the  power  developed  and  gn 
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consumed,  at  Lafayette,  Ind.,  in  March,  1899.  The  three  vertical  cylinders 
13  inches  diameter  by  14  inches  stroke  have  a  clearance  of  21*28,  and 
21*69  per  cent.  The  gas  and  air  pass  through  a  mixing- valve  chamber, 
and  the  speed  is  controlled  by  throttling  the  charge.  To  start  the  engine 
compressed  air  is  stored  in  a  steel  cylinder  at  160  lbs.  gauge  pressure.  One 
cylinder  is  converted  into  a  compressed-air  engine  until  speed  is  got  up  to 
slightly  compress  and  fire  a  charge  in  the  other  cylinders  by  electric  igniters. 
A  gasoline  vapour  generator  is  installed  to  provide  against  interruption  of  the 
gas  supply. 

Chemical  analysis  of  the  natural  gas  used  as  fuel  gave  the  percentage  of 
methane  92,  hydrogen  0*6,  hydroc:u"bon  0*5,  and  carbon  monoxide  0*55,  with 
carbon  dioxide  1*8,  nitrogen  3*8,  and  oxygen  0*7.  The  exhaust  pipe  was  red- 
hot,  and  its  temperature  by  copper  ball  calorimeter  was  about  1,200°  F. 
"Back- firing"  or  ignition  of  the  incoming  charge  in  the  distribution  pipe 
took  place  during  the  test.  The  highest  speed  in  r.p.m.  was  280,  the  lowest 
266,  and  the  average  270*86 ;  or  a  variation  of  5*5  per  cent.  The  average 
LH.P.  was  calculated  from  observations  every  five  minutes.  The  efficiency 
of  the  alternator  was  known,  and  hence  the  H.H.P.  of  the  engine.  The 
highest  mechanical  efficiency  was  84*6  per  cent. 

The  tests  showed  the  lowest  and  highest  gas  consumption  in  cubic  feet  per 
hour  (reduced  to  14*7  lbs.  per  square  inch  and  62°  F.)  to  be  11*87  to  18*42  per 
LH.P.,  14*71  to  29*65,  per  B.H.P.,  and  16*52  to  40*59  per  electrical  H.P.  By 
plotting  the  total  gas  per  hour  and  the  different  I.H.P's.  in  each  case  a  straight 
line  can  be  drawn  to  represent  the  average  gas  consumption  at  different  loads 
like  Willans'  law  for  steam  engines,  namely,  that  the  total  steam  per  hour 
plotted  against  the  LH.P.  is  a  straight  line. 

The  conclusions  are  :  (1)  That  the  proportion  of  gas  to  air  is  a  very 
important  factor  in  fuel  economy ;  (2)  that  one  test  at  a  light  and  one  at  a 
hca\y  load  would  give  the  line,  from  which  a  prediction  could  be  made  of 
the  gas  consumption  under  intermediate  loads  ;  (3)  these  hold  for  the  fuel 
consumption  per  B.H.P.  hour  and  per  electrical  H.P.  hour.  The  best  thermal 
e&ciency  of  the  engine,  that  is,  the  B.Th.U.  equivalent  to  the  B.H.P.,  divided 
by  the  B.Th.U.  in  the  gas  consumed  was  17*3  per  cent. — not  high  for  a  gas 
engine.    The  heat  distribution  is  shown  by  the  following  table  : — 


1 

1 

BTh.U. 

Per  cent. 

Per  cent. 

Per  cent. 

B.Th.U.  per 

Time. 

supplied 

converted  into 

absorbed  by 

lost  bv 

l.H.P.  per 

1 

per  hour. 

indicated  work. 

17*9 

jacket. 

25*2 

exhaust. 
56*9 

minute. 

1st  hour.    ' 

1,574,200 

237-5 

2nd      „      1 

1,674,880 

16-3 

21*0 

62*8 

264-7 

3rd       „      , 

1,169,000 

20-7 

80-2 

48*9 

294-2 

4th       ,. 

1,096,600 

202 

36*9 

42*7 

2111 

6th       ., 

1 

828,000 

160 

50-3 

43-9 

259-3 

The  poor  result  during  the  first  and  second  hour  is  due  to  the  improper 
mixture  of  gas  to  air  in  the  proportion  of  1  :  11,  then  the  ratio  was  changed  to 
1 :  12.  The  lowest  consumption  of  gas  per  1. 1  LP.  per  hour  was  11*87  cubic  feet, 
giving  11,870  B.Th.U.  at  a  cost  of  $0*07  (3Jd.)  per  thousand  cubic  feet. 

The  main  results  and  features  of  the  trial  are  shown  graphically.       W.  R, 


Liverpool    Trials  of  Motor    Vehicles;   Judges    Report.     (Automotor 
]oviial,4.  pp.  148-158,  Jan.,  1900.)— This  is  an  abstract  of  the  report  of  the 
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trials  made  at  and  near  Liverpool  in  October,  1899,  of  six  different  tieavy 
motor  vehicles  under  the  auspices  of  the  Liverpool  bratich  of  the  Automobile 
Club  of  Great  Britain.  There  were  entered  for  the  trials  eleven  vehicles,  and 
of  these  the  six  whose  makers'  names  are  given  in  the  accompanying  Table  I 

Table  I. 


Particulars. 

„™,„. 

„™,, 

No.  3. 
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Clarluon  & 
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cluding allcndants 

T-fflS 

3-ra 
ax 

HIM 

IS 
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US 

1256 

to 

3ST 
S4S 

4996 

s-sa 

14 

7J53 
7«3a 

10-88 

6BT6 
100 

tea 

9M 

T-BM 

LoadcarrlBl-toni... 

am 

Mean    lota)   nio^g 
wciehl  per  declared 
B.irp,-li:Ws 

648 

appeared  and  went  through  the  trials.  This  table  is  an  abstract  of  the  whole 
of  the  most  important  results  obtained  during  tests  which  included  the  trans- 
port of  heavy  loads  over  various  good  and  very  t)ad  roads  and  hills,  and  over 
considerable  distances.  Table  11.  gives  a  summary  of  those  iigures  which 
relate  to  cost  per  ton  mile  of  goods  carried.  The  tables  together  provide 
information  which  is  a  key  to  the  whole  report,  all  the  vehicles  twing  steam 
propelled. 


Table  IL — Sumharv  of  Factors 


THE  Costs  per  Net  Tos-Mile. 


ie  bdng  then  at  4(1, 


ig  then  at  4(1,  per  Rallon. 


ie  had  l<een  at  6d.  pi 

w.  w.  a 


eokilQ^-  ^'"i'  Carburctton.     (Automotor  Journal,  4.  pp.  209-310,  Feb..  Ifl00.> 
::.ervice  '^  description  witli  sectional  drawings  o(  three  new  petrol  carbiiretbi 
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for  oil  motors.  Parsons'  carburettor  contains  wicks  of  a  porous  fabric,  which 
are  kept  partially  saturated  with  petrol  and  through  which  air  is  drawn. 
Provision  is  made  for  the  variably  controlled  admission  of  fresh  air  which 
mixes  with  the  carburetted  air  before  passing  to  the  motor  cylinder.  It  is 
stated  to  be  a  somewhat  complicated  apparatus.  The  Le  Blou  and  the 
Abeille  carburettors  are  both  modifications  of  the  well-known  pulverising 
constant  level  type,  but  are  intended  to  produce  a  more  homogeneous  mixture 
of  air  and  petrol  and  to  be  more  accurately  adjusted.  A.  G.  N. 

901.  French  Motor  Trials,    (Automotor  Journal,  4.  pp.  202-203,  Feb.,  1900.) 

— ^The  results  are  given  of  tests  carried  out  by  La  Locomotion  Automobile  to 

determine  the  actual  power  of  oil  motors  as  attached  to  motor-cars.    Two 

tables  of  results  are  included.   The  first  refers  to  the  motors  only — make,  type 

of  carburettor,  cylinder  dimensions,  brake  test  weights,  speed,  and  B.H.P. 

The  second  refers  to  the  cars  complete — weight  on  driving  wheels,  speed, 

brake  test  weights,  B.H.P.  at  driving  wheels.     The  cars  were  fixed  in  such  a 

manner  that  the  driving  wheels  rested  on  a  roller,  which  they  caused  to 

revolve,  and  which  was  fitted  with  a  power-measuring  brake.    Very  few  of 

the   motors  in  table  (1)  correspond  with  vehicles  in  table  (2),  so  that  the 

efficiencies  of  the  gearing  can  be  only  obtained  very  approximately.    An 

increase  of  output  appears  to  accompany  the  use  of  a  spraying  carburettor  as 

compared   with  a  mixing  (gasifying)  one.    Their  relative  efficiency  is   not 

shown.     The  use  of  an  exhaust  silencer  is  shown  to  considerably  reduce  the 

oatput  of  the  motors.    The  B.H.P.  of  the  motors  tested  varies  from  1'82  to 

10-5,  and  the  weight  on  the  driving  wheels  of  the  cars  tested  varies  from  200 

to  500  kilogrammes.    The  motor  speeds  vary  from  623  to  2,057  r.p.m.,  and 

their  dimensions  from  double  cylinder  110  mm.  bore,  160  mm.  stroke,  to  single 

cylinder  66  mm.  bore,  70  mm.  stroke.  A.  G.  N. 

9O4I,  Heaiy  Motor  Waggons  for  Liverpool  Traffic.   A.  Musker.  (Automotor 

Journal,  4.  pp.  153-159,  Jan.,  1900.  Paper  read  before  the  Liverpool  Engineering 

Society  on  Dec.  13,  1899.) — The  author  describes  the  main  features  of  a  lorry 

and  its  mechanism  designed  by  his  firm  for  heavy  work,  namely,  to  carry  5  or 

6  tons  on  a  tare  weight  of  3  tons.     One  main  feature  of  the  design  is  an 

arrangement   by  which  the  lorry  platform  is  clear  from  end  to  end  of  all 

obstructions  in  the  form  of  either  boiler  or  machinery.    An  experimental  lorry 

has  been  made  driven  by  a  four-cylinder  single-acting  high-pressure  engine 

^supplied  with  steam  by  a  boiler  consisting  of  three  coils  of  steel  tube  acting 

on  the  Serp>ollet  system.    The  boiler  is  fired  by  an  oil  burner,  and  the  oil  and 

air  and  the  water  supply  are  automatically  controlled  with  reference  to  steam 

pressure  and  with  relation  to  each  other.    This  is  done  by  one  combined 

amdliary  fan  engine  pump.    The  transmission  gear  consists  of  a  spur  gear 

driven   countershaft,  carrying  sprocket  wheels  for  chains  which  drive  the 

rood  ^wheels.    A  new  form  of  oil  fuel  burner  is  described  but  not  shown.    A 

Bsefol  table  is  given  with  the  paper,  comprising  a  list  of  twenty-four  different 

kinds   of  freight  with  the  space  occupied  on  a  lorry  platform,   number  of 

packages,  and  total  load.  "  W.  W.  B. 

903.  Serpollet  Superheated  Steam  Motor,  (Automotor  Journal,  4.  pp.  212-214, 
Feh^  llX)O.^This  article  describes  the   recent  form  of  high-speed  et\^\ne 
acting,  designed  for  use  with  hi^h  pressure  and  highly  superheated 
by  Serpollet    A  feature  of  the  engine,   which    has    two    oppo^\le 
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cylinders,  connected  by  rods  to  a  single  crank,  is  the  use  for  steam  admission 
of  small  mushroom  valves  actuated  as  they  are  in  gas  engines,  and  having  rods 
passing  through  long  guide  bosses  without  any  packing ;  the  rods  are  actuated 
by  rotating  cams  which  may  be  placed  at  either  end  of  the  shaft  carrying 
them  so  as  to  present  cam  projections  which  are  in  the  necessary  relative 
positions  for  running  the  engine  in  either  direction.  Exhaust  is  by  outlet 
ports  uncovered  by  the  pistons  at  the  end  of  the  stroke.  W.  W.  B. 

004.  Recent  Experiences  with  Steam  Vehicles,  J.  I.  Thornycroft.  (Feilden, 
4.  pp.  429-441, 1899.) — This  paper  commences  with  a  reference  to  the  present 
legal  restrictions  on  the  use  of  the  heavier  kinds  of  motor  vehicles  under  the 
Locomotive  and  Highways  Act  of  1896,  and  points  out  that  the  regulation 
relating  to  the  deduction  of  the  weight  of  the  fuel  and  water  from  the  total 
weight  of  the  vehicle  acts  very  unfavourably  against  the  steam  and  oil 
vehicles  as  compared  with  the  electrical  vehicles,  the  weight  of  the  accumula- 
tors in  which  is  deducted  from  the  total  weight  of  the  vehicle  though  it  may 
be  as  much  as  half  the  whole  weight.  The  author  points  out  that  to  put  the 
steam  vehicles  on  the  same  basis,  the  boiler  and  its  water,  which  corresponds 
with  the  battery  and  its  electrolite,  should  be  deducted.  He  urges,  however, 
that  instead  of  fixing  arbitrarily  upon  a  definite  tare  weight,  a  maximum  load 
per  inch  width  of  tyre  would  provide  better  against  undue  damage  to  roads ; 
though  it  would  indeed  be  better  to  remove  all  such  restrictions,  thus  placing 
English  makers  and  users  in  the  position  of  those  in  France.  His  experience 
leads  him  to  the  opinion  that  a  quite  satisfactory  steam-driven  vehicle  for 
8  tons  can  be  built  to  a  tare  of  4  tons  and  maintain  a  ''commercial 
speed"  (average  speed  including  stoppages)  of  six  miles  per  hour.  In  the 
remainder  of  the  paper  the  author  describes  eight  different  forms  of  Thorny- 
croft heavy  steam  vehicles,  illustrated  by  photographs,  including  those  of  the 
most  recent  and  highly  successful  drays,  all  of  which  are  driven  by  gearing 
instead  of  by  the  chains  formerly  used.  The  paper  concludes  by  a  further 
expression  of  opinion  as  to  the  necessity  for  raising  the  8  ton  tare  limits 
and  concerning  the  assured  ultimate  success  of  the  modern  high-road  motor  i 
waggon.  W.  W.  B.  'j 

006.  Simpson-Bodman  Steam   Lorry,     (Indus,  and  Iron,  28.   pp.  85->879 
Jan.  19,  1900.) — Describes  the  construction  and  working  system  of  this  heavy 
type  of  motor-car.    It  weighs  nearly  8  tons,  can  carry  8^  tons  load,  and  has  an 
area  of  78  square  feet  for  carrying  goods.    Two  independent  engines  are  used, 
each  capable  of  giving  8^  B.H.P.  at  600  revolutions  per  minute  with  100  lbs. 
steam  pressure.     Three  sets  of  pinions,  giving  ratios  of  10,  18,  and  24,  an 
provided  between  the  engine  shafts  and  the  driving  wheels  of  the  car  ;  whea 
the  car  is  at  rest  either  set  of  pinions  can  be  connected  for  use.     The  steaa 
generator  is  built  up  of  indented  weldless  steel  tubes  into  which  the  water  il 
forced  in  accordance  with  the  pressure  required.     It  is  intended  to  allow  tte-^ 
boiler  to  be  dry  when  any  long  stops  are  required,  a  hand  pump  being  provided  J 
for  restarting  the  system.      The  driver   normally  controls  the   prof>eUiq||^ 
mechanism  by  varying  the  water  pump  feed.    Working  steam  pressure  van 
from  100  lbs.  to  250  lbs.  per  square  inch,  but  the  temperature  of  the  tubes  % 
usually  600°  to  1,000°  F.   A  steam  drum  is  provided,  and  through  this  passes 
feed  water  heater.    The  exhaust  steam  from  the  engines  is  first  passed  into 
silencing  chamber  and  is  then  superheated  by  the  boiler  furnace  and  al 
mately  passed  in  an  invisihiie  form  to  the  atmosphere  through  a  nozzle  whi 
<:reates  sl  draught  for  the  fire.  A.  Q. 
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©Oe.  Automobiles.  Cu^not  and  Mesnager.  (Eel.  Electr.  21.  pp.  420-428, 
1899.  Psiper  read  before  the  Assoc.  Franpaisc  at  Boulogne.) — After  giving 
some  historical  notes,  the  authors  remark  that  France  is  ahead  of  the  world  in 
automobilism  owing  to  liberal  laws  which  make  no  limit  of  weight,  or  width, 
or  speed  under  80  kms.  per  hour,  provided  certain  tests  are  passed  as  to  brake, 
steering,  and  the  driver's  capabilities.  The  total  tractive  pull  on  an  average 
road  is  a  fraction  of  the  weight  given  by  0088  +  0-0006 V  on  solid  rubber 
t\Tes,  and  0*025  +  0*0004  V  on  pneumatic  tyres  (where  V  is  velocity  in  kms. 
per  hour).  The  total  weight  in  kgms.  of  any  automobile  ready  to  travel  for 
H  hours  is  as  follows,  per  H.P.  delivered  to  the  wheels  : — 

Motor  "  Field  "  85  -f-  83H 

Motor  with  watec-tube  boiler 67  +  22 H 

•'  SerpoUet"  motor  with  coke 92  +  18H 

„  „        „      petrol    88-f-llH 

Petrol  explosion  engine   67  +  0*83H 

Electric  motor  and  accumulators  66  -f  49H 

M.  OG. 

907.  Motor-Cars.  (Automotor  Journal,  4.  pp.  178-175,  Jan.,  1900.  Excerpt 
<rf  a  paper  by  A.  Craig  before  the  Cycle  Engineers  Inst.,  Coventry,  Dec.  14, 
1^199.) — Electric  ignition  is  preferred  to  all  others.  De  Dion's  mechanical 
trembler  coil,  and  Simms'  magneto  generator  are  described. 

Surface  carburettors  are  protected  from  explosion  by  fine  wire  gauze 
between  the  petrol  and  the  engine.  Preference  is  given  to  the  method  of 
injecting  the  exact  portion  of  oil  required  into  the  air  which  is  entering  the 
cylinder.  A  gradually  variable  gear  without  slipping  is  being  attempted, 
il)  by  taper  cone  pulleys  with  belt ;  (2)  expandinglpulley  ;  (8)  conveying  the 
motion  from  the  engine  to  the  road  wheels  by  an  intermittent  feed.     M;  O'G. 


REFERENCES. 

908.  Progress  of  Steam  Engine.  R.  H.  Thurston.  (Gassier,  17.  pp.  191-199, 
Jan.,  1900.)  —An  historical  article,  dealing  with  the  progress  of  the  steam  engine. 
k  contains  cur\es  showing  the  rate  of  change  in  ordinar>'  practice  as  regards  piston 
speeds,  steam  pressures,  efficiencies,  &c.,  throughout  the  jcentury. 

900.  Large  FAectrie  Lighting  Engines.  R.  D.  Summerfield.  (Elect.  Engin. 
15.  pp.  ft-7.  Jan.  5,  1900.) 

910.  Valve  Motions  of  Engines.  J.  Perry.  (Nature,  61.  pp.  152-163,  1899.)— 
Description  of  a  geometrical  construction  invented  by  J.  Harrison  to  show  the  rela- 
tive positions  of  piston  and  valve.  J.  T.  R. 

911.  Oil  Engines  ami  Motor-Cars.  A.  G.  Ne"W.  (Engineer,  89.  pp.  1-2,  Jan.  5, 
and  pp.  29-30,  Jan.  12,  1900.) 
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912.  Harris  Watt-hour  Meier,  (Elect.  World  and  Engineer.  85.  pp.  188-189, 
Feb.  3,  1900.) — The  meter  consists  of  four  parts :  An  electro-dynamometer,  of 
which  the  fixed  coil  takes  the  main  current,  and  the  movable  the  shunt  cur- 
rent ;  a  clockwork  mechanism  arranged  to  run  for  a  definite  short  time  ;  a 
"  recording  "  cylinder  rotated  by  the  armature  of  an  electromagnet  in  shunt 
across  the  mains,  its  circuit  being  closed  every  time  the  clockwork  runs  down 
and  the  armature  at  the  same  time  rewinding  the  clock-spring  ;  and  an  inte- 
grating train  driven  by  a  cylinder  parallel  to  the  recording  cylinder.  The 
recording  cylinder  drives  this  through  a  small  roller  attached  to  an  arm  on  the 
movable  coil  of  the  dynamometer,  the  roller  taking  up  some  position  between 
the  ends  of  the  cylinder,  corresponding  to  the  currents  passing  through  the 
dynamometer.  The  recording  cylinder  has  a  wedge-shaped  portion  cut  down 
which  does  not  gear  with  the  integrating  cylinder  through  the  roller,  so  that 
when  the  roller  is  at  one  end,  corresponding  to  full  load,  the  cylinders  are  in 
gear  throughout  the  revolution,  w^hile  at  the  other  end,  corresponding  to  no  • 
load,  they  do  not  gear  at  all. 

The  movement  of  the  integrating  cylinder  is  thus  proportional  to  the 
deviation  of  the  dynamometer  coil,  which  is  in  turn  proportional  to  the 
power.  G.  H.  B. 

913.  Fusible  Citt-oufs.  B.  H.  Glover.  (Street  Rly.  Journ.  15.  pp.  88^-889,  ) 
1899.  Paper  read  before  the  Chicago  Electrical  Association,  Nov.  17,  1899.)—  ^ 
A  cut-out  consists  of  three  principal  parts :  (a)  The  base  and  its  cover  ;  (6)  the  J 
terminals  ;  and  (c)  the  fuse.  The  base  should  be  well  glazed  porcelain  and  a.  ^ 
cover  for  the  base  should  always  be  used.  The  terminals  should  not  be  too  j 
near  to  each  other.  Careful  experiments  show  that  the  best  lengths  of  fuse  •] 
are  as  follows  : — 

For  3  to  5  amperes 25  inches 

For  10  to  15  amperes 3*5 

For  20  amperes    4 

and  for  each  additional  5  amperes  an  increase  of  0*5  inch  in  the  length.     For 
sudden  heavy  overloads  a  multiple  fuse  of  several  small  wires  is  much  more 
sensitive  than  one  large  one  of  the  same  capacity,  and  a  thin,  flat  ribbon  ift^ 
better  than  a  round  fuse.  W.  G.  Rb! 

914.  Submarine  Cable  Breaks  near  previous  Repairs.    A.  Gray.    (Inst.  Chr, 
Engin.,  Proc.  138.  pp.  350-352,  1899.)— After  a  repair,  the  dragged  portion 
cable  remains  in   tension  owing  to  the  elasticity  of  the  material  and  tl 
absence  of  slack.    Corrosion  (probably  due  to  abrasions  in  dragging)  starts, 
rupture  results.  M.  O*' 

916.  Arched  Cement  Cable  Conduits.    C.  H.  Sewall.    (West.  ElectnJ 
pp.  280-281,  1899.     Paper  read  before  the  Chicago  Electrical  Associate 
Oct.  6,  1899.)— A  single  subway  in  the  njiddle  of  a  street  is  impractici 
Vcause  of  its  excessive  cost,  and  because  it  requires  connection  under 

;e^5  to  the  private  lines,  and  so  does  not  do  away  with  cutting  up 
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repairing  streets.  A  draw<n  system  made  by  standing  thin  arches  of  cement 
without  any  bottom  on  a  3-inch  cement  floor  is  recommended.  The  arches 
are  only  ^^  inch  thick  on  a  wire  gauze  support,  and  the  whole  is  surrounded 
in  concrete,  which  sets  to  the  cement  arch. 

Two  hundred  pairs  of  telephone  paper  cables  are  now  made  into  a 
cable  H  inches  over  the  lead  ;  and  three  No.  0000  wires  for  a  working 
pressure  (three-phase)  of  11,000  volts  are  made  into  a  cable  slightly  more 
than  2  inches  diameter.  M.  O'G. 


916.  Simple  Lightning  Arrester.  A.  E.  Kennelly.  (Amer.  Electn.  11. 
p.  672,  1899.) — A  simple  and  convenient  form  of  lightning  arrester  has  been 
designed  by  W.  T.  Cooke  of  Louisville,  Ky.,  for  use  in  central  stations. 
The  arrester  is  shown  in  front  elevation  and  vertical  section  in  the  figure. 
Upon  the  wall,  W  W,  of  the  station,  near  the  switchboard,  is  a  box,  X  X,  with 
nine  vertical  partitions,  each  lined  with  asbestos  paper.  Into  this  box  pass 
three  copper  rods  a,  a\  and  6.    The  two  former  are  connected  through 
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!»vk'itches,  5,  i',  with  a  heavy  copper  conductor  leading  directly  to  the  positive 
bus  bar  of  the  switchboard.  The  lower  rod,  b  b,  is  connected  directly  to  the 
negative  'bus  bar  by  a  copper  conductor  without  any  switch.  In  any  partition 
of  the  box  a  Xo.  16  double  cotton-covered  copper  wire  is  hung.  The 
upper  end  of  the  wire  is  bared  and  is  hooked  around  the  rod  a,  while  the 
lower  end  is  left  covered  and  is  allowed  to  rest  by  its  weight  on  the  ground 
rod  b.  The  cotton  covering  will  stand  the  550  volts  of  the  dynamos,  but  gives 
way  under  the  pressure  of  a  lightning  discharge.  W.  G.  R. 

917.  Silicium  Bronze  and  Aluminium  Alloy  fot    Wires.     Massin.    (Eel. 
Electr.  22.  pp.  140-141,  Jan.  27,  1900.    Annales  telegraphiques,  25.  pp.  200- 
^t^) — This  is  an  investigation  of  the  qualities  of  the  above  alloys  fo^  use  for 
overhead  wires.    The  percentage  compositions  are  not  given.     The  densities 
are  as  8^  to  2*8,  the  breaking  strains  75  and  28  kilos,  per  square  mm.,  the 
conductivities  as  41  to  48,  and  prices  per  kilogr.  2*85  fr.  and  500  fr.  respec- 
tively.    Aluminium  bronze,  as  well  as  aluminium,  is  more  readily  attacked 
than  is  generally  supposed.    Acid  tests  are  described.    The  author  finds  that 
the  aluminium  alloy  has  larger  coefficients  of  dilatation  and  elasticity  than 
sibciom  bronze,  and  is  consequently  less  suitable  for  use  where  strains  and 
dtps  due  to  fluctuations  of  temperature  have  to  be  considered.     The  relative 
corrodibility  is  also  a  disadvantage.     But,  as   has  been  stated  above,  the 
composition  of  the  alloy  is  not  given.  £.  O.  W. 

ma  Electric  Welding.    H.  Lamp.    (Klektrochem.  Ztschr.  6.  pp.  159-169, 
UNl}— The  author  first  describes  early  methods  of  electric  arc  welding,  in 
the  beat  i^  obtained  from  an  arc,  and  is  very  intense  and  loccvUbcOL. 
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Only  a  small  surface  of  metal  can  be  treated,  and  it  is  very  liable  to  over- 
heating. This  is  avoided  in  the  method  of  welding  introduced  by  Elihu 
Thompson,  in  which  a  very  large  current  at  a  low  voltage  is  passed  through 
the  metal,  which  is  thus  uniformly  and  intensely  heated,  owing  simply  to  its 
ohmic  resistance.  The  apparatus  required  is  described  and  illustrated.  The 
action  of  the  alternate  current  transformer  is  explained  on  the  analogy  of 
friction  wheels  of  different  diameters.  Details  of  the  consumption  of  energy 
are  given,  showing  the  high  efficiency  of  electric  heating  as  compared  to 
forge  heating.  The  possible  sources  of  energy  and  the  various  industrial 
applications  of  the  process  are  described,  including  wire-making,  welding  on 
spokes  of  iron  wheels,  welding  and  bending  pipes,  and  welding  rail-joints, 

(See  1899,  Abstract  No.  1989.)  L.  B. 

i 

919.  Electricity  in  Gasworks.  H.  G.  Field.  (Amer.  Electn.  11.  p.  678, 
1899.  From  "  The  Technic.")— The  Detroit  City  Gas  Company  has  installed  at 
its  works  a  small  electric  lighting  plant  for  the  purpose  of  lighting  certain 
rooms  of  the  works  where,  owing  to  the  inflammable  and  explosive  nature  of 
the  atmosphere,  naked  lights  are  out  of  the  question.  An  illustrated  descrip- 
tion is  given  of  an  apparatus  for  recording  or  indicating  the  gas  pressure  as 
measured  either  anywhere  on  the  premises  or  at  any  distant  point.  It 
consists  of  a  small  gas-holder,  to  the  bell  of  which  is  attached  a  contact  arm 
sliding  over  a  set  of  studs.  Between  the  studs  are  resistance  coils,  through 
which  a  certain  constant  current  is  passed.  The  potential  difference  between 
the  contact  arm  and  one  of  the  extreme  studs  is  proportional  to  the  height  of 
the  bell,  that  is,  to  the  gas  pressure.  This  potential  difference  can  of  course  be 
tapped  off  to  a  number  of  recorders  or  indicators  at  any  distance.        E.  D.  P. 

920.  Electrical  Heating,  (Elect.  Rev.  46.  pp.  964-966,  1001-1002,  1899.)— 
Electrical  heating  for  certain  purposes  is  undoubtedly  expensive  and  extra- 
vagant, but  there  are  many  purposes  also  to  which  it  can  be  applied  where 
electricity  will  be  found  cheaper  than  other  methods.  The  points  to  be  con- 
sidered, when  comparing  electric  heaters  with  others,  are  given.  The  every- 
day uses  to  which  electrical  heating  can  be  applied  with  advantage  are 
considered,  such  as  :  (1)  Flat-irons  for  laundry  purposes  ;  (2)  rolls  for  laundry 
work  ;  (8)  goffering-iron  heaters  for  laundries,  dye-works,  &c. ;  (4)  hot- 
plates and  glue-pots  for  wood-workers'  shops  ;  (6)  hot-plates  and  stoves  for 
lacquering  purposes ;  and  (6)  goose  irons  for  tailors.  The  advantages  of 
electricity  for  use  in  all  these  cases  are  given  in  detail ;  the  chief  points  being 
— cleanliness,  hre-risks,  efficiency,  regulation  of  temperature,  and  quantity  of 
work  turned  out. 

For  cooking  purposes  the  use  of  electricity  will  not  cost  an  excessive 
amount  if  current  can  be  purchased  at  Id.  or  1^.  per  unit,  and  if  some  other 
means  is  provided  for  heating  the  usual  large  quantity  of  water  required  for 
domestic  purposes.  Electrical  radiators  for  small  rooms  and  for  intermittent 
heating,  even  when  supplied  from  central  stations,  will  compare  favourably 
with  other  forms  of  heating.  With  rooms  over  6,000  cubic  feet  in  sire,  and 
in  rooms  where  continuous  heating  is  required,  electrical  heating  becomes 
too  expensive.  The  average  power  required  for  heating  a  room  is  about  500 
watts  per  1,000  cubic  feet  of  volume  ;  and  during  the  coldest  weather  this 
power  will  be  required  for  two  or  three  hours  to  raise  the  room  temperature 
to  about  66°  F.  The  power  may  afterwards  be  reduced  to  about  i^  or  |i 
The  best  design  of  radiator  is  one  which  has  a  free  draught  and  circuiatlQi 
^  air  through  it    The  first  cost  of  radiatprs  per  IQO  cubic  feet  of  roofl 
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vohime  is  given  as :  6s.  for  rooms  up  to  1,000  cubic  feet  in  volume,  4s.  6d. 
for  rooms  up  to  ^,500  cubic  feet  in  volume,  and  8s.  6d.  for  rooms  up  to  5,000 
cubic  feet  in  volume. 

It  may  be  taken  as  a  general  rule  that,  if  the  degree  of  temperature 
required  for  an  operation  exceeds  600°  F.,  there  will  be  difficulty  in  making 
electrical  heating  apparatus  durable  and  satisfactory  for  general  working. 

E.  D.  P. 

921.  Paris  Electric  Fire  Engine.  J.  Reyval.  (Eel.  Electr.  20.  pp.  456- 
458, 1899.) — The  author  describes  and  illustrates  this  car  which,  so  far,  has 
been  successful.    The  weight  of  accumulators  is  520  kgs.  M.  O'G. 

922.  A  S5-ion  Electric  Travelling  Crane.  (Eel.  E^lectr.  21.  pp.  889-891, 
1899.  Genie  Ci\'il,  xxxv.  p.  408,  Oct.  21,  1899;  from  the  Zeitschrift  des 
Vereines  Deutscher  Ingenieure.) — A  description  and  drawing  of  a  heav\' 
overhead  8-motor  traveller,  having  a  span  of  16  metres  in  a  boiler  shop.  The 
15  H.P.  hoisting  series  motor  raises  loads  of  20  to  85  tons  through  1*8  metres 
per  minute,  and  higher  loads  at  2'7  m.  per  minute.  The  bridge  is  travelled 
at40  m.  per  minute  by  a  10  H.P.  series  motor  carried  at  the  centre,  and  the 
carnage  at  15  m.  per  minute  by  a  5  H.P.  motor.  An  electric  brake  is  auto- 
matically applied  when  the  motor  is  stopped,  and  removed  on  starting  up. 
The  book  is  double  ;  it  turns  on  ball  bearings  and  is  carried  by  three  chains. 

E.  H.  C-H. 

923.  Electric  Travelling  Cranes.     (Engineering,  69.  pp.  13-15,  Jan.  5,  1900.) 

— The  most  advanced  practice  in  overhead  travellers  is  to  use  a  separate 

reversing  motor  for  each  motion  ;  the  paper  describes  and  illustrates  a  50-ton 

crane  so  constructed  by  J.  Adamson  &  Co.,  of  Hyde,  Cheshire.    The  crane 

has  four  motors  to  drive  the  main  barrel,  the  light  barrel,  the  longitudinal 

motion,  and  the  transverse  motion  respectively,  with  current  at  220  volts. 

The  main  lifting  speed  is  4  feet  per  minute,  the  lifting  barrel  being  2  ft.  6  in. 

diameter,  the  corresponding  motor  running  at  400  r.p.m.,  and  there  being 

three  intermediate  shafts  between  the  motor  and  the  barrel.    The  light  lift 

is  intended  for  loads  up  to  5  tons,  the  speed  of  lifting  is  15  feet  per  minute 

and  the  speed  of  the  motor  800  r.p.m.    The  speed  is  reduced  at  two  steps  by 

a  worm  gear  and  a  pair  of  spiu'-wheels,  the  worm  gear  running  in  an  oil  bath. 

Both  lifting  drums  are  controlled  by  electric  brakes.    The  brake  wheel  is 

presMxl  on  by  shoes  applied  by  springs  and  released  by  an  electromagnet 

which  is  energised  when  the  current  is  directed  to  the  corresponding  motor. 

Should  the  current  fail  from  any  cause  the  brake  goes  on  immediately  and 

hold!;  the  load  :  on  the  other  hand,  immediately  the  crane  is  set  to  lift  or 

lower,  the  brake  is  taken  off.     Should  the  load  in  falling  drive  the  motor  too 

rapidly,  the  back  electromotive  force  reduces  the  current  and  the  brake  goes 

on  of  itself.     The  longitudinal  travel  of  the  crane  takes  place  at  a  speed  of 

80  feet  per  minute,  the  speed  of  the  motor  is  800  r.p.m.,  and  the  reduction 

ia  effected  in  two  stages.    The  transverse  motion  is  at  40  feet  per  minute, 

and  the  motor  runs  at  500  r.p.m.     The  power  absorbed  by  the  motors  when 

the  crane  is  fully  loaded  is  as  follows  :    Main  hoist,  25  B.H.P. ;   auxiliary 

hoist,  12  B.H.P. ;  traversing,  7  B.H.P.  ;  longitudinal  travel,  5  B.H.P.    Curves 

are  given  showing  the  efficiency  of  the  main  and  auxiliary  hoisting  gears  at 

various  loads.    At  80  tons'  load  the  efficiency  of  the  main   hoisting  gear 

attains  its  maximum  value  of  68  per  cent. ;  the  efficiency  falls  to  56  per  cent. 

far  tiie  fall  working  load,  50  tons.    The  maximum  efficiency  of  the  auxiliary 
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924.  Modern  Mine  Haulage  Practice,  H.  K.  Myers.  (Eng.  Club  Phil., 
Proc.  16.  pp.  221-287.  Discussion,  pp.  237-289,  1899.)— This  paper  deals 
with  the  applications  of  locomotive  power  to  haulage  in  mines,  describing 
steam  locomotives,  compressed  air  locomotives,  and  lastly  electric  loco- 
motives. Some  striking  figures  as  to  the  mileage  of  underground  haulage 
ways  and  haulage  miles  per  annum  in  some  mines  are  given.  It  is  estimated 
in  the  United  States  there  are  60,000  miles  of  mine  track  utilising 
100,000  mules,  whose  average  life  is  only  four  years,  the  haulage  costing  16 
cents  (7^  pence)  per  ton  mile.  Descriptions  of  the  various  locomotives  and 
their  performance  are  given,  among  others  of  electric  locomotives  by  the 
Balmin-Westinghouse  Co.,  by  the  General  Electric  Co.,  and  others.  One  of 
these  machines  in  practice  is  found  to  replace  24  mules  and  12  men, 
saving  $8,000  (jfil,600)  per  annum.  LI.  B.  A. 

926.  Elecirically-driven  Jacks,  (Elect.  Rev.  46.  p.  845,  March  2,  1900.)—, 
In  the  locomotive  works  at  Nippes,  in  Germany,  each  12-ton  jack  was 
manned  by  five  men  ;  to  raise  a  four-axle  locomotive  required  21  men  for  the 
four  jacks.  The  average  time  for  the  lifting  was  46  minutes  and  for  the 
lowering  about  80  minutes.  In  consequence  of  the  variations  in  the  time  for 
each  lift,  depending  on  the  willingness  of  the  workmen,  mechanical  power 
for  the  operation  of  the  jacks  was  introduced.  Rope  driving  was  tried  and 
discarded.  Compressed  air  and  electrical  power  were  both  available  at  the 
works  and  were  both  tried.  In  comparison  with  the  electrical  gear  the  com- 
pressed air  gear  was  complicated,  and  the  cost  of  the  electrical  energy 
consumed  was  less  than  the  cost  of  the  compressed  air  used. 

The  electric  motor  used  is  mounted  on  a  small  car,  the  two  jacks  at  one 
side  of  the  locomotive  are  connected  to  the  motor  by  solid  spindles  sliding 
in  a  hollow  shaft  on  the  feather  and  groove  principle,  a  Hooke's  joint  being 
introduced  to  compensate  for  inequalities  of  level.  The  other  two  jacks  are 
driven  by  chain  gearing.  The  motor  is  of  6  H.P.,  and  by  means  of  main  and 
shunt-circuit  resistances  has  a  range  of  speed  from  800  to  1,036  r.p.m. 
Absolute  evenness  of  lift  by  each  jack  is  ensured  in  this  way,  and  a 
considerable  saving  in  time  and  labour  is  effected.  The  time  occupied  in 
raising  a  locomotive  is  12  minutes,  the  lowering  taking  about  the  same  time. 
At  110  volts  a  current  of  35  to  88  amperes  is  required  for  raising  and  20  to 
26  amperes  for  lowering.  The  labour,  including  the  shifting  of  the  motor, 
can  be  supplied  by  two  men. 

Taking  wages  at  6d.  per  hour  and  electric  energy  at  2d.  per  kw.  hour,  the 
cost  for  hand  manipulation  works  out  at  10s.  lid.,  as  compared  with  6}d.  for 
electric  driving.  Interest,  depreciation,  and  maintenance  are  not  taken  into 
account  in  this  comparison.  Allowing  Is.  per  hour  for  this  amount,  as  rcpro* 
scnting  a  fair  amount  for  a  capital  outlay  of  JQ600,  the  saving  effected  by 
electrical  driving  would  be  almost  10s.  per  lift.  E.  D,  P# 
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928.  Disposition  of  Three-Phase  Transmission  Lines.  A.  J.  Bo^vie,  Jr. 
(Journal  of  Electricity,  S.F.  8.  pp.  105-107,  1899.)— The  author  states  that  to 
eliminate  inductive  effects  it  is  sufficient  to  spiral  the  three  wires  so  that  each 
occupies  the  middle  position  for  one-third  of  the  length  of  the  line. 

W.  G.  R. 

929.  Electrical  Plant  on  Warships,    J.  K.  Robison.    (Eng.  Mag.  18.  pp. 
200-222,  1899.) — The  author  discusses  the  possible  gain  due  to  the  use  of 
electricity  for  all  power  purposes  on  warships,  with  especial  reference  to 
their  steaming  radius.    The  efficiency  of  conversion  from  I.H.P.  to  B.H.P. 
is  assumed  to  be  59  per  cent.,  and  the  steam  consumption  under  the  best 
conditions  26  lbs.  per  I.H.P.,  whence  there  results  a  saving  of  6  per  cent,  of 
the  total  >team  used  for  all  purposes.     On  the  other  hand,  allowing  electro- 
motors to  have  1*5  times  the  rated  power  of  the  steam  engines  displaced,  for 
equal  torque,  and  taking  a  suitable  value  for  the  size  of  the  generating  plant, 
it  is  stated  that  the  electrical  machinery  would  weigh  3^  times  as  much  as 
steam  plant     The  resulting  loss  of  coal  tonnage  being  lOJ  per  cent.,  the 
author  concludes  that  electric  transmission  is  inadmissible  at  present.     The 
development  of  steam  turbines  and  increased  efficiency  of  conversion  offer 
possible  solutions  to  the  problem.     [See  also  Abstracts  Nos.  994  (1898),  and 
759il«99).]  A.  H.  A. 

930.  Electrical  Plant  on  Warships.  (Mech.  Kng.  4.  pp.  787-788,  1899.)— 
In  the  annual  report  of  the  enginecr-in-chief  of  the  navy  of  the  United  States 
i4  America,  the  use  of  electrically  driven  auxiliaries  is  deprecated,  chiefly  on 
the  score  of  weight  and  space  occupied,  but  also  on  account  of  the  increased 
cc-mplication  and  liability  to  break  down.  On  the  battleship  Alabama  the 
lighting  dynamos  occupy  a  space  of  10,140  cubic  feet,  with  a  capacity  of 
250  kw.  If  the  plant  were  increased  sufficiently  to  operate  all  the  au.xiliaries, 
iric  extra  space  occupied  would  be  sufficient  to  accommodate  900  tons  of 
coal,  giving  45  per  cent,  greater  coal  endurance.  (See  also  1900,  Abstract 
No.  323.)  A.  H.  A. 

931.  Electrical  Equipment  of SS,  "Oceanic,"  (Amer.  Electn.  11.  pp.  501- 
501,  1899.  Also  described  in  Electrician,  44.  pp.  352-354,  Jan.  5,  1900.)— This 
is  a  description  of  the  electrical  equipment  of  the  steamship  Oceanic,  of 
40,000  tons.  The  voltage  of  the  four  dynamos  is  controlled  by  varying  the 
^pced,  bv  altering  the  tension  of  a  spring  in  the  throttle  governor  mechanism, 
cr  b\'  the  stop  valve.  The  negative  pole  of  the  dynamos  is  earthed  to  the 
ihell  of  the  ship.  The  equaliser  switch  forms  part  of  the  main  dynamo 
switch,  closing  before  the  main  switch  itself.  The  load  consists  of  2,000 
^w  lamps,  about  12  motors  for  fans,  200  electric  heaters,  and  various 
ffHT^rJpg  and  other  appliances.  The  telephonic  and  signalling  apparatus  are 
briefly  described.  A.  H.  A. 

Electric  Fewer  for  Small  Users  in  a  25'mile  Radius,    L.  Bell.    (Eng. 
1&  DD.  289-24a  Nov..  1899.V— The  example  of  the  three-t>hase  d\&- 
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tribution  at  5,200  volts  at  St.  Victor-sur-Loire  is  taken,  where  1,400  H.P.  is 
distributed  to  2,500  looms  belonging  to  small  ribbon  weavers.  The  lamp 
pressure  is  110  volts,  and  pressure  for  motors  is  190  volts.  A  water-power 
scheme  costing  jS40,000  is  sketched  out  and  the  profit  on  a  J£10  per 
H.P.  annum  rate  is  estimated.  M.  O'G. 

933.  Cambridge  Electiiciiy  Supply  Works.  (Elect.  Engin.  25.  pp.  42-49, 
Jan.  12,  1900.) — The  current  at  2,000  volts  pressure  is  generated  by  alternators 
driven  by  Parsons*  steam  turbines  ;  steam  at  140  lbs.  per  square  inch  being 
supplied  from  Lancashire  boilers  30  feet  long  and  8  feet  diameter. 

A  recent  increase  of  plant  is  a  500  kw.  set  of  dynamo  and  turbine,  the 
tender  for  this  being  considerably  below  any  of  those  for  dynamo  and  high- 
speed engine.  An  equally  important  consideration  is  that  the  space  available 
would  not  accommodate  one  engine  set,  while  it  is  sufficient  for  two  turbine 
sets.  This  turbine  is  of  the  parallel  flow  type,  and  runs  at  2,700  revolutions 
per  minute.  It  is  governed  electrically,  and  drives  its  own  air  and  cir- 
culating pumps  by  means  of  worm  gearing.  The  consumption  of  steam  per 
kw.-hour  was  guaranteed  not  to  exceed  27  lbs.  at  full  load  or  80  lbs.  at  half 
load,  with  steam  pressure  at  140  lbs.  per  square  inch. 

Tests  at  various  loads  gave  the  following  results: — 

Boiler  pressure    127         189        145      140 

Vacuum    2475        24*5       265      275 

Water  per  hour,  lbs 18,400    12,675     7,029   5,180 

Output,  kilowatts  598      4264     2561       124 

Water  per  kilowatt-hour  224        24*1      27*5      88-7 

H.  R.  C« 

934.  Electric  Installation  of  the  Antwerp  Railway  Station,  L'Hoest. 
(Assoc.  Ing.  El.  Liege,  Bull.  10.  pp.  218-222,  1899.}— On  account  of  the  want 
of  space  at  the  Antwerp  railway  station,  it  was  found  necessary  to  build  the 
electric  generating  station  in  connection  with  it  at  Berchem,  at  a  distance  of 
about  1,500  metres  from  it.  The  electric  supply  is  for  lighting  the  passenger 
station,  the  large  number  of  shunt  lines  extending  as  far  as  Berchem,  the 
secondary  railway  station  at  Berchem,  the  important  adjoining  works,  and 
the  goods  station  of  Borgherhout.  The  station  also  supplies  electrical  energy 
for  the  hydraulic  plant  of  the  passenger  station,  which  includes  luggage  lifts 
and  electric  ventilators  for  the  coal  conveyer,  as  well  as  for  the  motors  of  a 
repairing  shop  and  feed  pumps.  The  mixed  system  of  lighting  and  traction 
extends  over  an  area  of  more  than  2^  kilometres,  and  includes  motors  which 
work  intermittently,  arc  lamp  regulators,  and,  at  the  furthest  point,  a  load  of 
about  700  incandescent  lamps.  A  complete  diagram  of  connections  is  givea' j 
of  the  system  employed,  which  consists  of  a  continuous  current  three-wirtf^ 
distribution  at  830  volts  between  the  inner  and  outer  wires,  boosters  and; 
batteries  being  employed  for  balancing  purposes.  L.  J.  Sw 

935.  Hydro-Electric  Installation   of  the  East  Antwerp    Railway   Statia* 
M^lotte.      (Assoc.  Ing.  El.  Liege,  Bull.  10.  pp.  222-282,  1899.}— The  electr 
station  at  Berchem  delivers  current  at  880  volts  to  East  Antwerp  to  drr 
10  kw.  shunt  motors  coupled  to  hydraulic  pumps,  which  force  water  at  \ 

atmospheres  into  accumulators  for  the  purpose  of  working  hydraulic  lift 
Kleven  of  these  lifts  are  for  raising  loads  of  1,400  kilogrammes  and  U 
others  for  raising  1,000  kilogrammes. 
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H3rdraiilic  lifts  were  used  in  preference  to  electric  lifts  owing  to  the  fact 
that  apart  from  the  above  lifts  it  was  necessary  to  employ  elevators  for  raising 
railway  trucks  weighing  18  tons  at  a  speed  of  50  centimetres  per  second, 
which  would  have  necessitated  the  use  of  electric  motors  of  too  large  a  size. 

L.  J.  S. 

©36.  New  Plant  at  Niagara.  (Amcr.  Electn.  11.  pp.  647-551,  1899.)— A 
description  of  recent  additions  in  the  power  house  of  the  Niagara  Falls 
Hydraulic  Power  and  Manufacturing  Company.  A  direct  current  machine, 
built  by  the  General  Electric  Company,  having  an  output  of  5,000  amperes  at 
175  volts,  has  been  installed.  This  machine  has  a  commutator  at  each  end  of 
the  armature,  the  two  sets  of  brushes  are  coupled  in  parallel,  the  division  of 
the  load  between  the  commutators  beipg  accomplished  by  varying  the  lead 
of  one  or  other  set  of  brushes.  The  division  of  the  load  is  shown  by  a  Weston 
ammeter  coupled  across  the  similar  brushes  of  the  two  commutators. 

This  machine  is  coupled  at  one  end  of  a  shaft  driven  by  a  pair  of  wheels 
of  the  Jonval  type.  The  wheels  are  60  inches  in  diameter  and  are  rated  at 
3,000  H.P.  for  the  two,  when  running  at  250  revolutions  per  minute  under  a 
head  of  210  feet.  Coupled  to  the  other  end  of  the  shaft  is  a  Walker  alternator 
for  incandescent  lighting.  It  is  of  the  revolving  field  type,  is  single-phase, 
has  an  output  of  900  kw.  and  a  frequency  of  125.  A  shunt-wound  generator, 
by  the  General  Electric  Company,  200  kw.  and  135  volts,  has  been  installed. 

Two  new  and  complete  sets  of  turbines  and  generators  for  the  Pittsburg 
Reduction  Company  have  just  been  completed.  The  generators,  two  of  which 
are  coupled  to  each  set  of  turbines,  have  each  an  output  of  2,500  amperes  at 
300  volts. 

The>c  new  sets  of  plant  are  all  described  fully,  illustrations  are  given,  and 

.ilso  a  short  account  of  further  proposed  extensions.    The  total  capacity  of 

ihe  plant  at  present  is  9,560  kw.  [See  Abstracts  Nos.  1404  (1898)  and  924 

18»9'-.]  E.  D.  P. 

©37.  AltcrnaU'Current  Power  Transmission  at  Sihl,  Raihauscn,  and  Oltcn- 
Aarburg.  C.  du  Riche  Preller.  (Engineering,  69.  pp.  37-40,  Jan.  12, 
1900. ) — ^The  three  installations  which  the  author  describes  arc  those  of  the 
Sihl  Works  (Canton  Zurich),  the  Rathausen  Works  (Canton  Lucerne),  and 
the  Olten-Aarburg  Works  (Canton  Aargen),  all  of  which  utilise  their  full 
hydraulic  power,  and  therefore  constitute  interesting  examples  of  self-con- 
tained central  stations  transmitting  and  distributing  energy  over  large  areas 
^•^  for  the  most  varied  purposes. 

VI I  The  Sihl  Power  Transmission  is  situated  on  the  river  Sihl  about  16  kilo- 
ir*etres  from  Zurich,  and  utilises  the  power  of  that  river,  the  available  average 
Toluxnc  being  about  3  cubic  metres  per  second,  at  a  fall  of  about  70  metres, 
equal  to  2,000  effective  H.P.  on  the  turbine  shafts.  The  power  station  contains 
6\c  400  H.P.  high  pressure  turbines,  coupled  to  superposed  two-phase  5,000- 
^olt  adtemators.  The  average  power  required  for  lighting  amounts  to  784 
H.P.  on  the  turbine,  or  575  effective  H.P.  at  the  lamps,  so  that  of  the  total 
ssmberof  lamps  installed,  about  three-fourths  burn  simultaneously  as  a  maxi- 
som,  the  total  efficiency  being  74  per  cent.  The  average  power  required  for 
tbe  motors  is  786  H.P.  on  the  turbines,  equal  to  582  effective  H.P.  at  the 
nolon,  the  total  efficiency  being  the  same  as  that  of  the  lighting  system,  vv/.., 
Uper  cent.  The  aggregate  installed  power  of  the  motors  is  utilised  by  con- 
to  the  extent  of  2bout62percent.,  the  surplus  power  being  in  many  cases 
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equal  to  40  H. P.  of  installed  power  (lamps  and  motors)  .per  kilometre,  or  64 
H.P.  per  mile.  Apart  from  the  fifth  turbo-alternator  set,  which  is  kept  as  a 
reserve,  there  is  a  300  H.P.  steam-alternator  as  a  further  reserve.  The  total 
cost  of  construction,  transmission,  and  distribution,  works  out  to  JS42  8s.  per 
H.P.,  and  the  net  earnings  amount  to  6  per  cent,  on  the  capital. 

(2)  Railuiusen  Power  Transmission, — The  power  station  is  situated  on  the 
river  Reuss,  about  4  kilometres  from  Lucerne.  The  average  water  power 
utilised  is  3-4  cubic  metres  per  second  at  a  fall  of  4-5  metres,  equal  to  1,500 
effective  H.P.  on  the  turbine  shafts.  The  power  station  comprises  five 
turbines  of  300  H.P.  each  and  five  superposed  3,500- volt  two-phase  alter- 
nators. A  reserve  300  H.P.  steam  alternator  has  also  been  installed.  The 
aggregate  installed  power  (lamps  and  motors)  is  close  upon  1,000  H.P.,  the 
average  power  supplied  at  the  time  of  maximum  consumption  being  1,300  H.P., 
or  at  74  per  cent,  of  the  system,  1,800  H.P.  on  the  turbine  shafts.  The  power 
actually  paid  for  by  the  consumers  amounts  to  1,400  H.P.  The  mileage  of 
primary  transmission  is  equal  to  70  H.P.  of  installed  lamps  and  motors  per 
kilometre,  or  112  H.P.  per  mile.  The  total  cost  of  construction,  transmission, 
and  distribution  works  out  to  J647  4s.  per  H.P.  The  net  revenue  amounts  to 
5  per  cent. 

(8)  Oltai'Aarburg  Power  Transmission, — The  power  station  is  situated  on 
the  river  Aare,  about  4  kilometres  south  of  the  well-known  Olten  Railway 
Junction.    The  average  water  power  utilised  is  100  cubic  metres  per  second^ 
at  a  fall  of  3  metres,  equal  to  3,000  effective  H.P.  on  the  turbine  shafts.    The' 
power  station  contains  ten  low-pressure  turbines  of  300  H.P.  coupled  to  5,000- 
volt  alternators,  while  two  other  5,000-volt  alternators  are  actuated  by  two 
turbines  each.    The  aggregate   power  of  the  installed  lamps  and  motors, 
therefore,  amounts  to  1,800  H.P.,  or, at  74  percent,  total  efficiency,  to 2,400  H.P. 
on  the  turbine  shafts,  so  that  of  the  total  available  power  of  3,000  H.P.,  two 
sets  of  turbo-alternators  of  300  H.P.  each  or  one  set  of  600  H.P.  are  used 
as  reserve.    The  mileage  of  primary  transmission  is  equal  to  22   H.P.  in- 
stalled lamps  and  motors  per  kilometre,  or  35  H.P.  per  mile.     The  total 
cost  of  construction,  transmission,  and  distribution  amounts  to  J£53  8s.  per  \ 
H.P.      The  net  profit  amounts  to  4  per  cent,  on  the  capital.      Particulars  are 
given  of  the  charges  for  energy  and  light,  cost  of  construction,  &c. 

L.j.a 

938.  Power  Station,  Merrill,  Wis.  F.  E.  Woodford.  (Amer.  Electa,, 
11.  pp.  651-553,  1899.)  —  Description  of  the  generating  station  of  thtt-j 
Merrill  Railway  and  Lighting  Company,  which  presents  a  unique  arran| 
mcnt  of  combined  hydraulic  and  steam  power  plant.  There  are  sev< 
turbines  and  generators  coupled  on  one  shaft,  the  machines  being  i 
for  both  lighting  and  traction  purposes.  The  power  house  is  built  on 
riverside,  the  flumes,  which  contain  the  wheels,  being  a  part  of  the 
Upon  the  rock-bed  of  the  river  are  built  the  flume  walls,  which  also 
as  foundations  for  the  works  building.  The  wheels  are  42  inch,  of  the  upri^. 
type,  and  run  at  102  r.p.m.,  under  a  head  of  12  feet.  Directly  above  tf 
wheels  an  iron  harness  extends  the  full  length  of  the  building,  and  ser 
as  a  foundation  for  the  electrical  generators  and  for  the  yokes  of  the  ms 
shaft  bearings.  The  four  wheels  are  geared  to  this  horizontal  shaft,  uf 
which  the  armatures  of  the  generators  are  mounted,  and  which  extei' 
the  full  length  of  the  building.  One  end  of  the  shaft  passes  through 
outer  wall,  at  which  end  power  is  applied  to  it  by  the  steam  eogi 
Clutches  are  arranged  in  the  shaft  so  that  loads  on  generators  and  wll 
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can  be  changed.  The  generators  are  of  General  Electric  manufacture,  two 
of  250  volts,  which  run  in  series,  and  one  of  500  volts.  A  battery  of  accu- 
mulators is  installed,  and  from  this  the  lighting  circuits  are  fed  by  five  wires. 
Arc  lighting  machines  are  driven  by  belts  from  the  main  shaft.  The  steam 
plant  is  in  a  separate  building,  and  is  at  present  used  only  when  the  river  is 
very  low.  It  develops  250  H.P.  at  90  r.p.m.,  and  is  coupled  by  belt  to  the 
shaft  extension.  The  operation  of  the  plant  is  exceedingly  simple  ;  very  little 
adjustment  is  necessary  with  the  battery  across  the  mains,  one  attendant  only 
being  required  at  any  time.  E.  D.  P. 

939.  Coventry  Electric  Tramways.  (Elect.  Rev.  46.  pp.  187-190,  Feb. 
%  1900.) — ^The  chief  point  of  interest  in  the  equipment  of  these  lines  is  a 
special  "  constant  pressure  "  trolley  standard,  designed  for  going  under  low 
bridges  without  increasing  the  pressure  on  the  trolley  wire.  The  springs  are 
all  concealed  in  the  body  of  the  standard,  and  a  cam  makes  their  leverage 
depend  on  the  slope  of  the  trolley  pole.  On  the  bracket-arms,  the  insulators 
are  supported  by  bowstrings  fixed  in  harps.  E.  H.  C.-H. 

940.  Statistics  of  German  Tramways,  W.  Mattersdorif .  (Elektrotcchn. 
Ztschr.  20.  pp.  885-886,  1899.)— Tabulated  data  and  curves  are  given  of  the 
receipts  and  car-kilometres  run,  &c.,  of  the  following  tramways  : — 

(1)  Berlin  tramways  (Grosse  Berliner  Strassenbahn).  (2)  Vienna  tram- 
ways. (3)  Two  tramway  Companies,  operating  in  Dresden.  (4)  Hamburg 
tramway's. 

Tlic  receipts,  &c.,  for  the  last  twenty  years  of  the  first-named  are  given  in 
a  table,  part  of  which  is  reproduced. 


«.# 

Receipts 

Car 

Pfennige 

^ear. 

io  marks. 

kilometres. 

per  car 
kilometre. 

1879 

4,530,372 

6,242,634 

72-6 

1884 

8,710,985 

13,465,335 

64-8 

1889 

13,218,435 

21,939,779 

60-4 

1B94 

14,700,755 

26,809,760 

550 

1898 

18,612,710 

37,772,595 

49-4 

K.  K.  S. 

941.  Sew  York  Electric  Conduit  System,  (Street  Rly.  Journ.  16.  pp.  15-23, 
Jan..  1900.) — The  conversion  of  29  miles  of  the  Third  Avenue  Railway  Co.'s 
main  lines  from  cable  to  underground  electric  conduit  is  now  completed  : 
another  29  miles  is  in  progress.  Radical  innovation^  in  track  and  car  con- 
itmction  have  been  introduced,  and  the  main  power  station,  containing 
QSjOOO  H.P.,  is  the  largest  in  the  world. 

The  notable  new  features  in  the  track  are  the  use  of  cast-welded  joints  in 
conduit  construction,  the  combination  of  steel  and  cast-iron  yokes,  the 
employment  of  a  continuous  creosoted  stringer  under  the  rail  at  all  points 
except  at  special  work,  and  the  use  of  a  spring  liner  between  the  base  of  the 
rail  and  its  beat  on  the  yoke.  On  the  Third  Avenue  line  the  cable  was  retained 
tin  the  last  moment,  the  change  of  each  section  to  the  electric  system  being 
effected  in  twenty-four  hours. 

The  new  form  of  car  is  a  32  feet  convertible  car,  opened  or  closed,  of 
which  dimensioned  plans  are  given.  The  dashboards  carry  the  controller. 
the  sand-box  handle,  the  air-brake  handle,  and  the  hand-brake  handle.  A 
double-pressure  gauge  shows  the  pressure  in  the  reservoir  and  in  the  jam 
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position  of  the  air-brake  handle.  The  plough  differs  in  details  from  the 
design  used  by  the  Metropolitan  Street  Railway  Co.,  but  will  run  over  that 
Company's  tracks.  • 

A  temporary  6,000  H.P.  station  was  erected  and  running  within  three 
months  from  the  signing  of  the  contract.    (See  also  1899,  Abstract  No.  944.) 

£/.  H.  C.-H. 

942.  KingslantTs  Contact  System.  (Elect.  Engin.  24.  pp.  660-661,  1899.>- 
The  contact  plates  on  the  track  surface  are  connected  with  the  feeders  through 
two  pairs  of  commutators  coupled  by  sectional  mains.  The  commutators  are 
carried  on  the  spindle  of  a  four-point  star,  fixed  below  a  slot  formed  by 
a  guard-rail  outside  the  track-rail.  A  striker  on  the  car  revolves  each  pair  of 
commutators  through  a  quarter  turn  when  it  passes  the  star  wheel.  The 
arrangement  of  contacts  is  such  that  when  one  of  the  sectional  mains  between 
two  pairs  of  commutators  is  connected  to  the  feeder  at  one  end,  it  is  insulated 
at  the  other,  while  its  fellow  is  disconnected  from  the  feeder.  The  system  is 
to  be  tried  on  an  experimental  line  at  Wolverhampton.  E.  H.  C.-H. 

943.  Cure  of  Electrolysis  by  Independent  Earth  Returns,  C.  A.  Nev^baker. 
(Amer.  Elcctn.  12.  pp.  72-74,  Feb.,  1900.) — The  streets  of  large  cities  are 
particularly  favourable  to  electrolytic  action  on  lines  of  metal  laid  under  them, 
because  the  ground  contains  a  large  accumulation  of  impurities  which  form 
acids  and  alkalies  for  electrolytes.  Lead  has  a  high  electrochemical  equiva- 
lent :  that  is,  a  large  amount  of  it  is  dissolved  per  ampere  hour  of  current 
flowing  from  it,  and  therefore  unfavourable  earth  conditions  cause  its  rapid 
decomposition. 

A  peculiarity  of  electrolytic  action  is  that  no  metal  is  dissolved  where  the 
current  flows  into  a  pipe,  but  all  metals  are  liable  to  be  attacked  by  current 
leaving  the  pipe  and  flowing  into  the  material  surrounding  it.  On  account  of 
this  and  the  fact  that  the  positive  pole  of  the  dynamos  is  to  line,  the  tendency 
is  to  IbcaHse  all  the  trouble  in  the  district  near  the  power  house. 

The  independent  return  method  of  curing  electrolysis  consists  in  running 
metallic  connections  from  all  underground  piping,  cable  sheathing,  &c.,  to  the 
return  circuit  of  the  traction  system  at  all  points  where  the  current  tends  to 
leave  the  piping  and  return  to  the  traction  circuit.  Current  leaving  the  pipes 
via  a  metal  path  does  no  harm,  and  as  the  current  entering  the  pipes  is  also 
harmless,  this  method,  where  thoroughly  carried  out,  is  a  very  satisfactory  one. 
The  return  should  be  of  stranded  copper  (tinned)  connected  to  lead  cable 
sheath  by  means  of  a  looped  joint  and  to  the  tram  rails  either  by  a  soldered 
joint  to  a  cross  bond  or  by  a  separate  bond  to  the  track  itself. 

Thorough  tests  should  be  made  for  electrolysis  at  intervals  of  six  months  i 
or  oftener  if  changes  in  the  conditions  of  distributing  power  are  known  to  \ 
have  occurred.  A  telephone  company,  for  example,  may  at  one  time  makot^ 
tests  and  find  that  its  system  is,  on  the  whole,  safe,  and  a  little  later  find  that  ^ 
a  highly  dangerous  condition  exists.  This  sudden  change  may  be  due  to  i 
lowering  of  the  potential  of  the  ground  below  that  of  the  track  by  auxiliaryv:^ 
returns  run  by  some  other  corporation  operating  over  the  same  territory,  sue* 
as  a  water  or  a  gas  company.  This  is  a  condition  to  be  watched  for  at  ai 
times,  as  the  protection  of  one  set  of  pipes  is  likely  to  cause  danger  to  another 

The  author  describes  a  method  of  making  systematic  tests  and  how  to  pl^ 
curves  showing  the  distribution  of  potential  over  a  piping  system  and  adjace! 
ground  before  and  after  using  an  independent  return,  &c.     The  edges 
the  IioJe  burned  into  the  cable  sheath  by  aY^e^ivy  current  are  square  as  thov^ 
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the  hole  were  punched  out,  whereas  the  edges  of  a  hole  made  by  electrolysis 
are  thin  like  those  of  a  dull  knife-blade.  Electrolysis  always  causes  grainy, 
rough  surfaces,  and  fts  apparently  freakish  tendency  to  attack  in  spots  and 
form  ridges  is  probably  due  to  a  lack  of  homogeneity  in  the  metal. 

The  current  in  a  return  may  be  read  by  a  milli-voltmeter  giving  the  voltage 
between  two  points  a  few  feet  apart,  the  current  being  calculated  on  the  basis 
of  10  ohms  per  foot  per  circular  mil.  This  obviates  th^  necessity  of  cutting 
the  return  to  insert  an  ammeter.  E.  K.  S. 

944.  Trolley-Wire  Guards,  Moens.  (Assoc.  Ing.  El.  Liege,  Bull.  10.  pp. 
259-2&4,  1899.) — Trolley-wires  are  divided  into  two  classes :  those  which 
merely  prevent  contact  with  the  trolley-wire,  such  as  insulated  guard-wires, 
insulated  trolley- wire  coverings,  &c.  ;  and  those  which  earth  the  trolley- wire 
when  contact  is  made.  In  all  cases  telegraph  and  telephone  circuits  should 
be  protected  by  fuses  which  blow  at  0*1  to  0*2  amperes.  Ulbricht  has  devised 
a  system  to  avoid  the  dangers  attendant  on  the  guard-wire  coming  in  contact 
with  the  trolley-wire.  The  former  is  earthed  through  the  coil  of  an  electro- 
magnet actuating  a  switch  which  earths  the  trolley-wire  direct  and  thus  opens 
the  station  cut-outs.  L.  B. 

945.  Trolley-Wire  Guards.  Pedriali  and  d'Hoop.  (Assoc.  Ing.  El. 
Liege,  Bull.  10.  pp.  302-309,  Jan.,  1900.) — Trolley-wires  may  be  protected 
from  falling  telegraph-  or  telephone-wires  either  by  guard-wires  or  by  an 
insulating  covering  on  the  upper  surface  of  the  trolley-wire  itself.  Guard- 
wires  are  comparatively  complicated,  unsightly,  costly,  and  dangerous,  and  in 
many  towns,  particularly  in  Germany,  are  being  replaced  by  a  strip  of  insulating 
material  clipping  the  upper  part  of  the  trolIcy-wire.  L.  H. 

946.  Trucks  for  Electric  Tramways.  G.  Dary.  (Electricien,  18.  pp.  863  - 
366,  1899.) — A  description  of  three  models  of  the  Baltimore  trucks,  the  first 
being  the  maximum  traction  bogie  type  with  small  and  large  wheels.  The 
second  is  an  extra  long  car  truck,  and  the  third  a  bogie  truck  for  heavy 
cars.  The  frames  are  of  very  neat  design  of  flanged  pressed  steel  with  cast 
bieel  axle-boxes.     Particulars  are  given  of  the  methods  of  spring  suspension. 

E.  K.  S. 

947.  Recent  Experience  in  Rail-bonding.  H.  P.  Bro^vn.  (Eng.  News,  42. 
p.  239, 1899.  Abstract  of  a  paper  read  at  the  Toronto  Meeting  of  the  American 
Society  of  Municipal  Improvements.) — Two  years  ago  copper  wire  riveted 
into  the  rail  was  abandoned  in  favour  of  short  flexible  "  leaf "  bonds, 
jKenerally  placed  under  the  fishplates.  The  ends  of  the  bonds  were  brazed 
or  cast  into  lugs,  which  were  expanded  into  the  rail  holes  either  by  screw 
pressure  or  by  taper  plugs.  Tests  have  shown  that  screw-compressed 
terminals  turn  when  the  weight  at  the  end  of  an  18-inch  lever  arm  reaches 
143  lbs. ;  with  taper  steel  plugs  66  lbs.  turns  the  bond.  The  latter  are,  how- 
ever, found  best,  as  the  poor  mechanical  joint  prevents  the  severe  mechanical 
strain  on  the  copper  wires  which  is  found  to  cause  crystallisation  and  break- 
age of  the  screw-compressed  bonds.  A  promising  new  bond  consists  of  a 
so4kl  copper  bar,  f "  x  8"  X  2",  having  a  projecting  contact  cup  pressed  on 
each  end.  The  bond  is  placed  under  the  fishplate,  and  is  held  aga\i\st  tVve 
nils  fay  a  strong  steel  spring  in  each  cup. 

fn  fflirfnnannlM.  where  the  oower-hoiifii*  nni-rtiii-  ic  O  finn  i«v% •%/«•. <^c.   i\%^  .^^.^Vo. 
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pipes  are  carrying  1,400  amperes  with  a  maximum  positive  pressure  of  8*2 
volts.  These  measurements  were  made  since  the  installation  of  cast-weld 
joints ;  previously  the  maximum  positive  pressure  was  only  6*8  volts,  and  the 
"dangerous"  area  for  pipes  was  only  half  what  it  now  is.  The  author 
advocates  the  introduction  of  iron-banded  wooden  pipes  at  intervals  in  the 
water  mains.  E.  H.  C.-H. 

948.  German  Electric  Automobiles.  (Elect.  World  and  Engineer,  84.  pp. 
692-693,  1899.) — A  primary  battery  motor-car  is  described.  The  plates  are 
zinc  and  lead  peroxide,  the  latter  of  which  is  charged  and  loaded  with  acid. 
The  battery  for  a  40-mile  run  only  weighs  42  lbs.  Another  motor-car 
has  a  small  battery  of  accumulators,  an  electric  motor,  and  a  petrol  engine 
which  receives  electrical  assistance  on  heavy  gradients  and  on  starting,  but 
normally  charges  the  cells.  The  weight  is  less  than  an  accumulator-driven 
car,  and  the  cost  j£240.  An  electric  accumulator  omnibus  running  in  Berlin 
is  described.  M.  O'G. 

949.  Electric  Automobiles,  E.  A.  Sperry.  (Amer.  Inst  Elect.  Engin., 
Trans.  16.  pp.  583-549.  Discussion,  pp.  549-551,  1899.)— The  author  found 
that  the  amount  of  side-thrust  transmitted  to  either  guide-wheel  of  his  motor- 
car is  proportional  to  the  distance  between  the  steering  axis  and  the  plane 
of  the  wheel  at  the  height  of  the  obstniction.  He  therefore  designed  a 
gear  with  its  steering  axis  intersecting  the  plane  of  the  wheel  some  distance 
above  the  ground,  and  found  that  obstructions  which  caused  a  lateral  pull  of 
10  lbs.  on  an  ordinary  steering  handle  gave  no  pull  on  the  handle  of  his  gear. 
Another  result  of  the  obliquity  of  the  steering  axis  is  that  the  vehicle  tends 
to  run  straight  forward  if  not  guided.  For  automobiles,  the  best  tramway 
practice  can  be  followed  in  the  main,  but  the  motor  may  have  an  increased 
ratio  of  copper  to  iron.  A  compound  adjustable  gear  is  an  advantage  for 
emergencies  and  saves  the  battery.  Double-reduction  gear  permits  the  use 
of  a  powerful  brake  on  the  intermediate  shaft  and  of  a  higher  speed  bi-polar 
motor,  which  is  slightly  more  efficient  than  a  multi-polar.  Efficiency  is  all- 
important  in  an  automobile  because  the  source  of  power  is  not  at  hand.  The 
author  recommends  the  use  of  a  single  handle,  whose  direction  should 
indicate  the  direction  of  the  vehicle's  motion,  speed  being  regulated  by  ■ 
raising  and  lowering  the  handle,  which  operation  applies  the  brakes  auto*  j 
matically.  For  charging  batteries,  the  differential  wattmeter  system  is 
advised.  E.  H.  C.-H. 

960.  Working  Expenses  of  Horse  ami  Electric  Delivery  Vans.  G.  F.  Sever 
and  R.  A.  Fliess.  (Amer.  Inst.  Elect.  Engin.,  Trans.  16.  pp.  509-581,  1899«)  \ 
— This  paper  sets  forth  the  results  of  an  investigation  on  horse  and  electric  'i 
vans  belonging  to  large  stores  in  New  York.  Their  average  load  throughout  J 
the  day  is  500  lbs.,  and  the  average  *' draw-bar  pull"  at  7  miles  per  hour  is 
60  lbs.  per  ton  on  cobblestones  ;  on  asphalte,  40  lbs.  The  van  tested  weighed 
1,800  lbs.,  and  its  horse  1,100  lbs.  A  day's  "  log  "  of  a  van  is  given,  from 
which  it  appears  that  the  average  daily  work  of  a  horse  in  such  service  is  16iB 
miles  at  50  lbs.  per  ton  at  7  miles  per  hour,  while  the  cost  of  horse,  van,  am 
attendance  is  864  cents  per  day,  or  17'4  cents  per  ton-mile.  If  a  second  hors 
is  kept,  these  figures  respectively  become  428  cents  per  day  and  10*2  cent 
per  ton-mile. 

A  similar  "log"  for  an  electric  delivery  van  is  given,  and  shows  f 
average  consumption  of  92  watt-hours  per  ton-mile.     The  authors  are 
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opinion  that  120  watt-hours  per  ton-mile  is  a  conservative  estimate  for  a  well- 
designed  delivery  van  under  service  conditions.  At  5  cents  per  kw.  hour,  the 
cost  per  lb.  (of  parcels  only)  is  0.019  cents,  as  against  0*020  cents  for  horse 
service,  making  all  assumptions  in  favour  of  the  horse.  Depreciation  is  not 
taken  into  account  in  any  of  the  figures.  E.  H.  C.-H. 

061.  Electric  Automobile.  (Autoraotor  Journal,  4.  pp.  168-164,  Jan.,  1900. 
Adapted  from  an  article  by  A.  Delaselle  in  La  Locomotion  Automobile.) — 
Two  four-pole  motors  are  used  with  armatures  vertical,  and  the  motor  frames 
resting  directly  on  the  axles  of  the  fore-wheels.  The  steering  is  ingeniously 
e£Fccted  by  pivoting  the  short  steering  axles  on  the  centre  lines  of  the  driving 
pinions.  M.  O'G. 

962.  Traction  Accumulator  Trials.  A.  Bainville.  (Elcctricien,  18.  pp.  161- 
163,  and  829-882, 1899 ;  see  also  Abstract  No.  408, 1900.)— It  was  not  foreseen 
in  the  rules  that  certain  batteries  would  become  reversed  during  the  variable 
discharges  before  being  brought  up  for  the  constant  rate  trials  in  which  they 
are  eliminated.  Hence  in  comparing  cells  from  the  published  results  their 
merits  must  be  measured  by  the  watt-hours  given  off,  and  not  by  the  number 
of  variable  discharges  they  have  been  submitted  to.  The  shaking  test  was 
frequently  omitted,  owing  to  breakdowns  of  the  apparatus.  M.  O'G. 

953.  Traction  Accumulator  Trials.  A.  Bainville.  (Klcctricien,  18.  pp. 
308-400,  1899.) — The  French  Automobile  Club  trials  are  summarised  as 
follows : — 
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'  Societe   anonymc   pour   le   travail  elcctrique 

des  metaux.     Paris 

,  Compagnie  generalc  clcctrique.  Nancy.  '*  Pol- 
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'  Wuste  et  Rupprecht.     Vienna  (Austria)     

Societe  de  I'accumulateur  Kulmen.    Clichy  ...  | 

Societe  des  soudieres  electrolytiques.     (lavct-  \ 
Clavaux  (Isere) \ 

Franz- Heimel.    Vienna  (Austria)    
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764 

795 
1,358 

363 

145 
1,022 

318 

446 
360 

375 
M.  O'G. 


954.  Traction  Accumulator  Trials.  E.  Hospitaller.  (Electricien,  19. 
pp.  20-26,  Jan.  18,  1900.) — This  complete  summary  of  particulars  of  the 
eight  be^t  cells  shows  the  weights  of  plates,  liquid,  cases,  total  energy  taken 
in  and  put  out,  &c.,  by  the  cells  before  they  failed  in  the  trials  by  the  French 
Automobile  Club.  Thus  the  total  energy  given  out  in  watt-hours,  divided 
by  the  tolal  weights  in  kgs.,  is  as  follows  :  Metaux,  9*7  ;  Pollak,  88 ;  Tudor. 
W :  Pcscetto,  8-7  ;  Blot  Fulmen,  98 ;  Fulmen,  15 ;  Phoenix,  125 ;  Pope- 
Shcrriii,  11-5. 
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966.  Series  Arc  Lighting  from  Constant  Current  Transformers,  W.  L.  Robb. 
(Amer.  Inst.  Elect.  Engin.,  Trans.  16.  pp.  657-564.  Discussion,  pp.  665-578, 
Nov.,  1899.) — The  author  refers  to  the  various  methods  which  have  been 
adopted  for  operating  series  arc  lamps  from  alternating  current  systems.  In 
several  well-known  stations  in  the  United  States  continuous  current  series 
arc  dynamos  are  driven  by  synchronous  or  induction  alternating  current 
motors.  Before  deciding  on  the  system  described  in  this  paper  and  in  use  at 
Hartford,  consideration  was  given  to  the  above  system  and  to  the  use  of 
rectifiers. 

The  development  of  the  enclosed  arc  lamp  quickly  led  to  the  evolution  of 
a  satisfactory  alternating  arc  lamp  of  the  constant  potential  variety,  and 
experiments  were  carried  out  for  operating  these  lamps  from  the  con- 
stant current  transformer,  which  formed  one  of  the  essential  parts  of  the 
rectifier. 

These  experiments  proved  quite  satisfactory,  which  led  to  the  replacing 
of  all  the  continuous  current  series  arc  dynamos  by  constant  current  trans- 
formers, with  a  view  to  obtaining  a  greater  economy  of  operation. 

Each  transformer  is  immersed  in  transil  oil  and  is  contained  in  a  cast-iron 
tank.  The  core  of  the  transformer  is  placed  vertically  and  rises  the  whole 
height  of  the  tank.  The  core  is  surrounded  by  the  primary  and  secondary  coils, 
and  the  magnetic  circuit  is  closed  by  return  paths  outside  the  coils.  There 
are  two  primary  and  two  secondary  coils,  and  one  of  '.the  primaries  is  fixed  at 
the  bottom  and  the  other  at  the  top  of  the  central  core.  The  two  secondaries 
are  free  to  move  up  and  down  between  the  primary  coils,  and  are  so  connected 
together  that  when  one  falls  the  other  rises.  The  coils  are  balanced  by  a 
system  of  chains,  levers,  and  counterweights.  When  the  transformer  is  in 
operation  the  currents  induced  in  the  secondary  react  on  those  in  the  primary 
and  tend  to  force  the  coils  apart.  This  force  is  balanced  for  the  desired 
normal  current  by  the  adjustable  weight  outside  the  case. 

The  principle  of  regulation  was  first  suggested  by  Elihu  Thomson,  and 
its  application  to  the  operation  of  constant  current  transformers  is  broadly 
patented  by  him. 

By  bringing  out  the  proper  connections  from  the  secondaries  the  total 
number  of  lights  may  be  operated  as  a  single  circuit,  or  operated  in  any 
desired  number  of  multi-circuits  in  a  manner  similar  to  the  well-known 
method  employed  on  the  Brush  series  dynamos  of  large  capacity. 

Owing  to  the  high  voltage  of  the  enclosed  arc  lamp  the  100-light  trans- 
formers usually  operate  two  circuits  connected  upon  the  multi-circuit 
principle. 

The  transformer  can  be  adjusted  so  as  to  give  practically  a  constant 
current  between  one-third  load  and  full  load.  Curves  are  given  showing  the 
range  of  regulation  that  can  be  obtained  by  means  of  the  adjustment 
provided. 

Tests  showed  that  when  the  transformers  were  adjusted  to  give  a  constant 
current  through  any  desired  range  of  load,  that  the  lamps  would  draw  difiFerent 
lengths  on  the  arcs  depending  on  the  number  of  lamps  on  the  circuit.     The 
voltage  across  the  terminals  of  the  individual  lamps  was  approximately  10  volts    J 
higher  at  one-fourth  load  than  at  full  load,  although  the  current  was  the  same 
in  both  cases.     It  has  been  found,  however,  that  by  varying  the  adjustment 
of  the  transformer,  it  is  possible  to  adjust  it  so  that  the  voltage  across  thf 
terminals  of  the  individual  lamps  remains  practically  constant  at  varioir 
Jo^cis.     If  so  adjusted,  however,  the  current  from  the  transformer  is  nolon^ 
constant  but  increases  as  the  load  increases. 
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The  averages  of  tests  made  on  two  100-light  transformers  were  as  follows : — 

Load.  Efficiency.  Power  Factor. 

i     88-1  24  per  cent. 

i    92-8  44       „ 

i    94-9  62       „ 

FuU 961  78      „ 

The  rise  in  temperature  of  the  oil  of  the  transformer  measured  at  the  top 
of  the  iron  core,  where  it  was  highest,  was  89°  C.  after  a  twenty-four  hours*  run. 
The  low  power  factor  at  small  loads  and  difficulty  in  maintaining  the 
lamps  at  constant  voltage  when  the  current  is  constant  at  various  loads, 
combine  to  make  the  constant  current  transformer  undesirable  except  when 
the  conditions  are  such  that  it  is  possible  to  operate  the  transformer  under  a 
large  part  of  its  rated  full  load.  It  has  been  found  in  practice  that  the  trans- 
formers can  be  maintained  and  operated  successfully  with  very  little  attention. 
The  primaries  of  the  transformers  are  connected  across  the  2,400-volt 
alternating  current  feeders.  Although  the  voltage  at  the  terminals  of  the 
primary  of  the  transformer  is  subject  to  a  variation  of  6  per  cent,  during 
street-lighting  hours,  the  current  supplied  to  the  series  lighting  circuits 
is  practically  constant. 

The  lamps  operated  from  the  constant  current  transformers  are  of  the 
carbon  feed  enclosed  type.  The  frequency  is  60.  The  lamps  used  in  Hartford 
consume  at  the  transformer  400  watts  per  lamp,  and  replaced  nominal 
1,200  c.p.  open-air  direct  current  arcs.  The  streets  are  undoubtedly  better 
lighted  with  series  enclosed  arc  lamps  than  they, were  formerly  with  the 
open-air  arcs.  The  power  required  under  the  local  Hartford  conditions  for 
operating  street  lights  has  been  reduced  in  the  ratio  of  650  to  400  watts,  or  a 
little  over  27  per  cent. 

The  author  concludes  with  the  statement  that  the  system  of  street  lighting 
which  will  be  found  best  for  any 'given  city  depends  largely  upon  the  local 
conditions ;  but  there  are  undoubtedly  many  cases  where  an  investigation  will 
show  that  the  adoption  of  the  constant "  current  transformer  and  the  series 
alternating  current  arc  lamp  offers  the  greatest  advantages. 

The  paper  is  followed  by  a  lengthy  discussion.  L.  J.  S. 

956.  Lacko's  Arc  Lamp,  (Elekt.  Runds.  17.  pp.  54-56,  Dec.  16,  1899.)— 
This  lamp  is  due  to  D.  Lacko  of  Paris,  and  comprises  a  worm-wheel  which 
gears  at  opposite  sides  with  racks  bearing  the  carbon-holders  at  their  lower 
ends.  On  the  same  axis  as  the  worm-wheel  there  is  also  mounted  an 
oscillating  frame  on  which  arc  pivoted  two  auxiliary  frames.  The  first 
of  these  frames  carries  the  worm-shaft  and  is  provided  with  an  armature 
acted  upon  by  a  solenoid  in  the  main  circuit,  a  spring  being  provided  for 
holding  the  frame  in  such  a  position  that  the  worm  is  out  of  engagement 
with  the  worm-wheel  when  there  is  no  current  flowing  through  the  lamp. 
The  second  auxiliary  frame  bears  a  feed-pawl  adapted  to  engage  with  a 
ratchet-wheel  on  the  worm-shaft,  a  spring  being  arranged  to  act  on  the 
frame  in  opposition  to  the  pull  of  the  shunt  electromagnet  on  an  armature 
attached  to  the  frame.  This  second  frame  is  also  provided  with  an  adjustable 
set-screw  which,  when  the  armature  on  the  frame  has  been  drawn  down  and 
the  worm  has  been  rotated  by  the  ratchet-wheel  and  pawl,  breaks  the  circuit 
of  the  shont  electromagnet  and  allows  the  spring  to  return  the  frame  to  *\\.s 
aormal  position  ready  to  again  rotate  the  worm  through  a  similar  angle.  In 
sartiiiis  the  lamp,  the  series  electromafrnet  attracts  the  armature  on  the  fiist 
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auxiliary  frame  so  as  to  bring  the  worm  into  engagement  with  the  worm- 
wheel,  and  then  cause  the  main  frame  to  oscillate  so  as  to  strike  the  arc. 
When  the  shunt  electromagnet  becomes  stronger,  by  reason  of  the  rise  of 
potential  during  the  burning  away  of  the  carbons,  the  second  auxiliary  frame 
is  drawn  down  against  the  tension  of  its  spring  and  the  worm  rotated  through 
the  feed-pawl ;  when  this  frame  has  reached  the  end  of  its  travel  it  returns 
to  its  normal  position  as  above  mentioned,  and  so  on.  The  original  paper  is 
illustrated.  C.  K.  F. 

957.  High-voltage  Lamps,  (Electrician,  44.  pp.  118-119,  Nov.  17,  and 
158-156,  Nov.  24,  1899.) — In  the  first  part  of  this  paper  are  given  illustrations 
of  lamps  from  the  various  makers  showing  the  shape  of  filament  and 
type  of  lamp.  In  the  second  part  are  shown  curves  of  the  c.p.  and 
watts  per  c.p.  The  first  curve  gives  a  typical  efficiency  curve,  taken  by 
a  leading  English  lamp  manufacturer  on  a  circuit -occasionally  exceeding 
the  normal  voltage  by  4  per  cent. ;  the  watts  per  c.p.  start  at  8*7  and  fall  to 
8*6  in  the  first  100  hours,  then  increase  to  4'8  in  a  1,000  hours.  Various 
other  life-curves  are  also  given. 

Robertson  recommends  an  efficiency  of  4  watts  per  candle  for  16  c.p. 
lamps  of  high  voltage,  and  that  this  figure  should  be  allowed  to  increase 
somewhat,  say  to  4*5  watts  per  candle,  for  candle-powers  of  8  and  less. 
Stearn  states  that  about  80  per  cent,  of  the  lamps  he  manufactures  are  for 
voltages  of  200  and  over.  The  Sunbeam  Company  choose  as  their  standard 
efficiency  3*75  watts  per  c.p.  for  16,  25,  and  82  c.p.  lamps,  but  for  8  c.p. 
lamps  do  not  recommend  a  higher  efficiency  than  4  watts  per  c.p.  They 
have  found  in  their  own  testing-rooms  that  such  lamps  have  practically  as 
good  a  life-curve  as  an  ordinary  low-voltage  lamp,  and  that  the  efficiency  is 
certainly  well  maintained  in  a  500  or  600  hours'  run  with  a  drop  of  not  more 
than  8*5  candles,  at  which  point,  of  course,  consumers  should  renew  their 
lamps.  Smaller  lamps  than  8  c.p.  have  not  such  a  good  efficiency.  To  be 
satisfactory  a  5  c.p.  lamp  requires  some  4'5  to  4*75  watts  per  c.p.  The 
Berrenberg  Company  promise  great  things  as  regards  efficiency,  promising 
2  and  2*5  watts  per  c.p.  for  16  c.p.  and  8  c.p.  lamps  over  a  fairly  long  life. 
Goossens,  Pope  &  Co.  make  their  standard  lamps  of  the  following  efficiencies : 
5  c.p.,  4*5  watts  per  c.p.;  8  c.p.,  4  watts  per  c.p.;  16,  26,  and  32  c.p.,  8*5  watts 
per  c.p.  ;  50  and  100  c.p.,  3*3  watts  per  c.p. 

The  Electric  "Tested  Lamp"  Co.  give  curves  of  a  good  English  200 
volt  16  c.p.  lamp,  and  also  of  a  bad  one  of  the  same  voltage  and  c.p. 
In  the  first  the  c.p.  starts  at  15*6,  rises  to  17*4  in  96  hours,  and  then  'falls 
to  16  in  576  hours,  after  which  it  falls  very  rapidly.  The  corresponding 
watts  per  c.p.  are  39, 3*7,  and  4.  In  the  case  of  the  bad  lamp  the  corresponding 
figures  are  :  c.p.,  14"8, 19*8,  and  116  ;  watts  per  c.p.,  4*2, 3"6,  and  5*8.  They  also 
give  a  curve  of  a  bad  Austrian  lamp,  which  is  still  worse.  Mention  is  made 
of  a  device  of  A.  G.  Seaman,  brought  out  by  the  "  Tested  Lamp  "  Co.,  for  an 
automatically  adjusted  rheostat  connected  to  a  voltmeter  relay,  which  is 
intended  to  be  placed  between  the  supply  mains  and  the  consumer's  distri* 
bution  board  to  prevent  the  over-running  of  lamps. 

Attention  is  drawn  to  the  difference  between  the  English  standard  candle 
and  the  Hefner  amyl-acetate  standard,  as  some  English  makers  employ  the       ! 
latter  in  rating  their  lamps.    A  16  c.p.  lamp,  if  named  according  to  the      d 
Hefner  unit,  would  give  only  about  14  candle  English  standard  pow^er,  and 
a  lump  requiring  3*5  watts  per  Hefner  standard  required  nearly  4  watts  per 
English  standard,  E.  C,  R, 
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958.  Sciealific  Principles  of  Arc  Lighting.  V.  W.  Carter.  (Elect.  Rev. 
45.  pp.  994-990,  Dec.  22,  and  1084-1087,  Dec.  29, 1899.)— The  author  obtains 
expressions  for  the  total  ill uoii nation,  the  horizontal  illumination,  and  the 
vertical  illumination,  at  any  point  due  to  an  elevated  source  of  light  con- 
sidered as  a  geometrical  point.  These  expressions  are  respectively 
lcos';/(A— A")*,  I  cos'i/(A— A')",  and  I  cos'J  sin  ;/(A— ft')',  where  I  is  the 
candle-power  of  the  source  in  the  direction  of  the  point  considered,  S  is  the 
inclination  of  this  direction  to  the  vertical,  'n  is  the  height  of  the  source  above 
the  ground,  and  ft'  is  the  height  of  the  point  considered.  From  these 
expressions  the  author  gives  a  geometrical  construction  for  finding  polar  and 
cartesian  curves  for  these  three  illuminations  when  the  photometric  curve  of 
the  source  is  given.  The  theory  is  extended  to  the  combined  effect  of  two  or 
more  independent  sources  of  light.  W.  G.  R. 

969.  Electric  Train  Lighting.  H.  Massenbach.  (Elektrotechn.  Ztschr. 
21.  pp.  50-52,  Jan.  11, 1900.  Paper  read  before  the  Elektrotechn.  Gesellschaft, 
Frankfurt-a-M.,  Dec.  6,  1899.}— The  general  advantages  of  electric  train 
lighting  are  described  and  details  are  given  of  the  system  developed  by 
Vicarino.  This  closely  resembles  that  used  by  the  Electric  Axle  Light  and 
Power  Co.  of  New  York,  under  Moskowitz's  patents  (see  1900,  Abstract 
No.  779).  A  dynamo  is  placed  under  each  car  driven  by  leather-faced 
friction  wheels  from  the  axle.  The  voltage  is  kept  constant  by  a  reversed 
compound  winding.  The  battery  and  automatic  switching  and  regulating 
dc\-ices  are  described.  Photometric  comparisons  between  gas  and  electric 
lighting  are  given  and  detailed  estimates  of  cost  under  each  system.  This 
amounts  to  0'28d.  per  10  c.p.  lamp  hour  for  gas  against  0'21d.  per  12  c.p. 
tamp  hour  for  electric  lighting.  L.  B. 

960.  EUclhc  Train  Lighting.  (Elect.  World  and  Engineer,  84.  pp.  867-869, 
Dec.  2,  1899.) — An  illustrated  description  of  the  method  employed  by  the 
Electric  Axle  Light  and  Power  Co.  of  New  York.  A  40-volt  dynamo  is 
geared  by  friction  wheels  to  an  axle  of  each  car,  the  pinion  having  a  fibre 
face.  This  charges  a  lialtery  carried  under  the  car  body.  The  automatic 
switches  for  connecting  the  dynamo  to  the  circuit  when  the  speed  is  high 
enough,  disconnecting  when  the  speed  falls,  and  reversing  when  the  car  is 
required  to  run  in  the  opposite  direction,  are  mentioned  but  not  described. 

L.  B. 
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962.  Sub-j.-ny  at  Kingston,  L'S.A.  (Street  RIy.  Journ.  15.  pp.  861-864.  Dec,  1899.) 
—Description  of  a  subway  at  Kingston,  N.Y,,  for  trolley  ears,  beneath  the  West  Shore 
Railroad  tracks. 

963.  Etectricily  in  Ptwilcr  IlVfc.  W.  H.  Allen.  (Elect.  World  and  Engineer, 
H.  pp.  733-755,  Nov.  11,  1899.)— An  illustrated  article  dealinj!  with  the  electrical 
cqaipaient,  for  both  lighting  and  power,  of  the  Calilomian  Powder  Works. 

E.  D.  P. 

9M.  Tkird-rail  Conductors  far  Electric  Railways.  L.  Daft.  (Gassier,  IT.  pp. 
1H-Sn,jan.,  1900.) — The  paper  contains  drawings  showing  the  design  and  can- 
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966.  Electrical  Power  for  Drainage,  New  Orleans.  L.  C.  Reed.  (Elect.  World 
and  Engineer,  34.  pp.  771-775,  Nov.  18,  1899.)— The  various  and  widely  scattered 
pumping  stations  of  this  scheme  are  operated  by  three-phase  currents  transmitted 
from  a  main  generating  station.    A  general  description  of  the  system  is  given. 

E.  D.  P. 

966.  Bromley  and  Chislehurst  Electric  Lighting.  (Electrician,  44,  pp.  462-467, 
Jan.  26,  1900.) — The  high-pressure  direct-current  system  is  used.  Power  is  trans- 
mitted at  2,000  volts  pressure  from  the  generating  station  at  Bromley  to  a  substation 
of  direct-current  transformers  and  batteries  at  Chislehurst,  a  distance  of  2}  miles. 
A  full  description  of  the  system  is  given,  with  illustrations.  E.  D.  P. 

967.  Bolton  Electricity  Works.  (Elect.  Rev.  46.  pp.  101-105,  Jan.  19, 1900.)— A 
fully-illustrated  description  of  these  large  works,  in  which  power  is  generated  for 
both  traction  and  lighting  purposes  ;  also  some  particulars  of  the  outdoor  construc- 
tion in  connection  with  the  trolley  tramway  scheme.  E.  D.  P. 

968.  Electricity  Works  at  Bonn.  P.  Bauer.  (Elektrotechn.  Ztschr.  20.  pp. 
850-866,  1899.) — A  full  description  of  the  electric  light  station  equipped  by  Siemens 
&  Halske  on  the  continuous  current  three-wire  system  with  accumulators,  and  440 
volts  across  the  outers.  The  dynamos  are  of  the  Gramme  multipolar  type,  with  the 
armature  revolving  outside  the  poles.  E.  K.  S. 

969.  High  Tension  Transmission  in  the  United  States.  C.  E.  Guye.  (Eel. 
Electr.  21.  pp.  241-249,  462-456,  and  487-491,  1899.)— Description  of  some  trans- 
formers  (pp.  241-249).  Testing  the  Telluride  line  (pp.  452-456).  High  tension 
experiments  at  East  Pittsburg  (pp.  487-491). 

970.  Transmission  of  Energy  by  Alternating  Currents.  M.  Leblanc.  (Soc.  Int. 
6lect.,  Bull.  15.  pp.  416-460,  1898,  16.  pp.  54-102,  112-159,  316-844,  and  349-385, 
1899.) — Series  of  papers  similar  to  those  referred  to  in  Abstract  No.  749  (1900). 

971.  Electrical  Distribution.  C.  F.  Guilbert.  ((Eel.  Electr.  19.  pp.  281-289, 
401-410,  1899,  22.  pp.  18-21,  Jan.  6,  1900.)— Appliances  described  of  Thomson- 
Houston,  Steinmetz,  Schuckert  &  Co.,  for  Alternate  Current  Distribution  (pp.  281- 
289).  Description  of  System  of  Direct  Current  Distribution,  patent  by  Bliss  (pp. 
401-410).  Also  various  patent  devices  in  connection  with  the  distribution  of  energy  ; 
among  others,  methods  due  to  C.  F.  Scott,  to  the  Westinghouse  Company,  the 
Electric  Construction  Company,  Thomson-Houston  Company,  and  to  Messrs. 
Verity  &  Steele  are  dealt  with  (pp.  13-21). 

972.  Aluminium  Feeders  on  the  North-Westem  Elevated  Railroad,  Chicago. 
(Amer.  Electn.  12.  pp.  20-23,  Jan.,  1900.) — An  article  describing  and  illustrating  the 
methods  adopted  in  laying  some  large  bare  aluminium  feeders. 

973.  Third  Avenue  Railroad  Power  Station,  New  York.  (Street  Rly.  Journ.  16.  pp. 
1-12,  Jan.,  1900.) — A  full  description  of  the  large  new  worksiwhich  the  Third  Avenue 
Railroad  Company  of  New  York  are  about  to  erect,  dealing  more  particularly  with 
the  works  structure  and  the  steam  plant,  about  100,000  H.P.,  which  it  is  proposed 
lo  instal.     (See  1899,  Abstract  No.  944.)  E.  D.  P. 

974.  Distribution  of  the  Energv  of  Coal  in  the  Working  of  Electric  Traction.  A.  B. 
Herrick.  (Street  Rly.  Journ.  16.  pp.  12-14,  Jan.,  1900.)— The  author  splits  up  the 
working  of  electric  traction  into  many  parts,  and  deals  with  the  losses  taking  place 
and  the  possible  economies  to  be  obtained  in  each.  A  coloured  chart  is  included, 
which  shows  graphically  the  magnitude  of  the  various  losses  in  street  railway 

operation;  the  losses  are  divided  up  very  completely,  eighty-nine  sections  being 
represented  on  the  chart.  E.  D.  P. 
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076.  Wireless  Telegraph  Patents.  (Electrician,  43.  pp.  847-850,  1899.)— 
Marconi  has  applied  for  eight  patents  since  No.  12,089  of  1896.  (See  Elec- 
trician, Sept.  17,  1897.)  No.  29,806  of  1897  provides  for  an  automatic 
shutter  closing  the  box  which  protects  the  coherer  when  the  transmitter  is 
Uiied.  No.  12,825,  June  1,  1898,  deals  with  the  iron  enclosure  of  the  receiver. 
Xo.  12,826  of  June  1,  1898,  describes  how  the  tall-wire  is  connected  to  earth 
not  through  the  coherer  but  through  the  primary  of  a  coil,  of  which  the 
secondary  is  wound  in  such  a  way  that  the  number  of  turns  in  each  layer  is 
diminished  as  the  distance  from  the  primary  increases.  It  is  stated  that  "  the 
effect  of  the  oscillations  on  the  imperfect  contact  increases  greatly  with  their 
E.M.F.  and  not  with  their  quantity."  Full  dimensions  are  given  as  a  guide  to 
constructing  the  apparatus.  The  special  coils  are  described  in  No.  6,982, 
April  1, 1899.  O.  Lodge's  patent,  No.  11,575,  of  May  10,  1897,  describes  the 
use  of  a  coil  with  its  primary  between  the  receiving  wire  and  earth.     M.  O'G. 

976.  Wireless  Telegraph  Repeater.  (Elect.  Rev.  45.  pp.  749-750,  1899.)— 
Foresio's  instrument  can  be  used  as  transmitter,  receiver  or  repeater  by  a  threc- 
u-ay  key.  A  coherer  is  made  to  actuate  the  induction  coil.  It  is  proposed  to  use 
a  metal  partition  between  the  receiving  tall-wire  and  the  retransmitting  wire, 
and  so  keep  the  effects  distinct.  Two  such  apparatuses  are  required  to 
^el^an^mit  in  both  directions.  M.  O'G. 

977.  Wireless  Telegraphy  Without  a  Coherer.  (Elect.  Rev.  45.  pp.  1026- 
1027,  1899.) — W.  B.  Starkey  uses  a  pivoted  needle  of  silver  strip,  having  one 
end  in  proximity  to  the  receiving  vertical  wire  ;  this  needle  moves  into 
contact  with  the  vertical  wire  with  sufficient  force  to  close  a  local  bell  circuit. 
With  aerial  conductors  8  feet  high  the  talking  distance  was  86  feet.      M.  O'G. 

9ro.  Dardeau's  Telephonic  System.  E.  Pi^rard.  (Electricien,  18.  pp.  409- 
412,  and  426-429, 1899.) — This  is  a  system  by  which  any  two  or  larger  number 
of  stations  can  inter-communicate  upon  one  common  circuit.  There  are  two 
keys  and  an  Ader  relay  in  the  line  circuit  in  each  office.  When  key  A,  say,  is 
pressed  at  any  office  the  tongues  of  the  relays  in  all  the  offices  move  to  the 
left,  and  by  means  of  an  electromagnet  in  a  local  circuit  cause  a  needle  to 
indicate  upon  a  dial  in  each  office  that  a  call  is  being  made.  Each  time  now 
that  key  B  is  pressed  the  needle  moves  one  step  further  over  the  dial  to  point 
the  number  of  the  station  wanted,  the  tongues  of  the  relays  being  now  in 
contact  to  the  right.  A  cam  fixed  appropriately  to  a  small  wheel  engaging 
uith  the  step- by-step  toothed  gear,  and  at  a  different  angle  for  each  station, 
closes  a  local  circuit  and  causes  the  bell  to  ring  in  the  station  called  by 
coining  over  to  its  proper  position  after  the  requisite  number  of  depressions 
of  key  B.  The  bells  in  the  other  stations  are  not  then  actuated.  At  the  same 
time  the  armature  of  a  second  electromagnet  in  these  stations  is  held  over,  and 
cots  their  telephones  and  keys  out  of  circuit.  After  a  conversation  is  finished, 
the  positions  of  the  needles  at  all  the  stations  having  meanwhile  intimated 
that  the  drcoit  is  engaged,  the  key  B  at  either  of  the  two  stations  tVial  Yva.\e 
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extending  from  1896  to  1899  tend  to  show  that  the  motion  is  mostly  due  to 
viscosity  of  the  glass  bulb,  a  gradual  increase  in  size  taking  place  even  under 
an  excess  of  pressure  inside  the  bulb  corresponding  to  the  2  or  8  cm.  column 
of  mercury. 

One  explanation  of  the  phenomenon  is  based  on  the  supposition  that  there 
is  a  film  of  water  between  the  mercury  and  the  glass,  and  that  there  is  a  slow 
viscous  transference  of  water  from  one  side  of  the  mercury  column  to  the 
other.  Supposing  the  ordinary  laws  of  viscosity  to  hold,  calculation  gives  the 
thickness  of  this  film  as  much  below  the  diameter  of  the  molecule  of  water. 

Experiments  extending  over  one  year  were  conducted  on  the  rate  of  fall 
at  practically  constant  temperature,  and  also  at  constantly  and  definitely 
varying  temperatures,  the  mercury  column  rising  and  falling  in  the  tube 
at  an  average  rate  of  about  1  cm.  in  10  sees,  for  8,000  seconds.  Experiments 
were  also  made  with  different  sizes  of  bulbs  and  stems  and  different  lengths 
of  mercury  columns,  and  the  author  concludes  from  the  results  that  there 
can  be  no  doubt  that  the  cause  of  motion  is  the  volume  viscosity  of  the  bulb. 
In  the  case  of  two  different  tubes  the  rates  of  fall  were  practically  constant 
for  the  four  years  during  which  the  experiments  lasted.  }.  B.  H. 

988.  Conductivity,  Specific  Gravity,  and  Surface  Tension  of  Aqueous  Solutions 
of  Potassium  Chloride  and  Sulphate,  J.  Barnes.  (Nova  Scotian  Inst,  Trans. 
10.  pp.  49-66,  1898-1899.)— The  results  of  a  number  of  measurements  of  the 
conductivities  of  solutions  of  potassium  sulphate  and  chloride  and  of  mixtures 
of  these  salts  are  given  ;  the  calculated  values  for  the  mixtures  agree  with 
the  experimental  numbers  for  average  concentrations  not  greater  than  0^ 
normal.  Specific  gravity  and  surface  tension  determinations  of  the  solutions 
were  also  made.  The  results  show  that  the  specific  gravity  of  a  solution  of 
the  mixed  salts  having  an  average  concentration  of  about  0*05  to  0*5  normal 
can  be  calculated  by  a  formula  given.  The  same  holds  for  the  surface 
tension,  the  concentration  having  the  values  0'6  to  1*3.  T.  H.  P. 

989.  Superficial  Tension  in  Organic  Liquids.   P.  Dutoit  and  L.  Friderich. 
(Comptes  Rendus,  130.  pp.  327-330,  Feb.  6,  1900.)— Investigation  of  values 
of  the  temperature  coefficient  of   molecular  superficial  energy.    This  ca» 
efficient  varies  with  the  temperature  in  abnormal,  but  does  not  do  so  uki 
normal  liquids.     For  normal  liquids  this  coefficient  is  not  constant  for  allj 
bodies,  and  varies  within  wider  limits  than  have  hitherto  been  observecLi 
Ramsay  and  Shields'  results  are  generally  confirmed.  A. 

990.  Gravity  Balance,    R.  Threlfall  and  J.  A.  Pollock.    (Roy. 
Phil.  Trans.  193.  pp.  216-268,  1899.)— FuU  description  and  discussion  (i 
1899,  Abstract  No.  1630).      Quartz  thread   is  found  to  be  slightly 
about  one-hundredth  as  much  so  as  steel.    Experiments  on  various  £< 
of  gravity  balance.  A. 

991.  The  Law  of  Partition  of  Kinetic  Energy.  Rayleigh  (Phil  Mag« 
pp.  98-118,  Jan.,  1900)  and  S.  H.  Burbury  (Phil.  Mag.  49.  pp.  3aM 
Feb.,  1900.)— Rayleigh  takes  for  his  starting-point  Maxwell's  paper  of  1^ 
(Collected  Scientific  Papers,  p.  718).  To  this  Kelvin  and  others  have  m 
objections,  Kelvin  especially  having  framed  a  "  decisive  test  case/'  whid 
holds  to  disprove  Maxwell's  law.     Rayleigh  considers  this  test  case» 

comes  to  the  conclusion  that  it  is  not  decisive,  and  is,  in  fact,  covert 
Maxwell's  reasoning. 
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He  then  establishes  de  novo  the  admitted  relation  dxdydudv=^dx'dydu'dv', 
or  in  generalised  co-ordinates,  dpi . .  dp^dqi . .  dq^  s=  dp'^. ,  dp*Ji(i^ . .  dq*^^ 
when  a  system  passes  with  conservation  of  energy  from  the  state  in  which 
it  is  defined  by  p  q,  &c.,  to  a  state  in  which  it  is  defined  by  p^  q*,  &c.  We 
might  say  it  passes  from  one  state  to  the  other  conservatis  conservandis,  but 
in  Raylcigh's  view,  following  Maxwell,  the  energy  E  is  the  only  conservandum. 
In  the  notation  of  this  paper  fdxdydudv  is  the  number  of  systems  in  the 
*'  phase  "  Xf  y,  u,  v.  It  is  found  that  for  a  single  variable  the  distribution  is 
permanent  when  /  is  a  function  of  £.  A  similar  proposition  is  proved  for 
two  variables.  The  only  assumption  necessary,  says  the  author,  is  Maxw^ell's 
assumption  that  all  phases  of  equal  energy  lie  on  the  same  path,  i,e.,  that  a 
system  left  to  itself  will  sooner  or  later  pass  through  every  phase  consistent 
with  the  conservation  of  energy.  He  does  not  say  whether  the  same  assump- 
tion is  apphcable  to  past  time.  The  result  is  obtained,  (88)  p.  109,  that  for 
systems  of  any  number  of  variables  the  distribution  will  be  permanent  if  /  is 
constant  throughout  the  path.  But  £  is  constant  also.  Therefore  /  is  a 
function  of  E. 

This  result  being  obtained,  it  is  shown  that  if  £  can  be  reduced  to  a  sum 
of  squares — 

E  =  9j  +  V«  +  &c. 

then —  q^=zq^=:  &c. 

He  maintains  that  the  kinetic  energy  can  always  be  reduced  to  a  sum  of 
squares.  As  to  this,  Kelvin  had  said  the  reduction  to  a  sum  of  squares  leaves 
the  several  parts  of  the  whole  with  no  correspondence  to  any  defined  or 
dennable  set  of  independent  variables.  This  objection  and  also  an  objection 
made  by  Brj'an  are  considered. 

Xc  express  reference  is  made  to  any  encounter  or  mutual  action  between 
the  systems  whereby  any  system  may  be  made  to  change  its  path.  He 
accepts  the  extreme  consequence  of  his  theory,  if  proved,  namely,  that  the 
law  of  equal  partition  of  kinetic  energy  must  apply  to  all  states  of  matter 
i^ee  p.  115). 

S.  H.  Burbury  in  referring  to  Rayleigh's  article  asks  for  a  formal 
enunciation  of  the  law,  expressing  what  conditions  are  essential  besides 
that  of  stationary  motion.  An  example  is  given  to  show  that  stationary 
motion  alone  is  not  sufficient.  Reference  is  then  made  to  the  kinetic  theory 
of  gases  in  which  the  law  of  equal  partition  of  energy  is  indeed  proved,  but 
ooJy,  according  to  Boltzmann,  on  a  certain  hypothesis.  And  the  question 
aises  whether  Boltzmann's  hypothesis  is  true.  In  this  writer's  opinion 
Ra%ieigh's  argument  (p.  109  of  the  Phil.  Mag.,  January,  1900)  requires  some 
asfiomption  beyond  Maxwell's  assumption  on  which  it  is  avowedly  based. 
Alio  there  may,  he  says,  be  other  constants  besides  the  energ>'  which  alone 
is  used  as  constant  by  Rayleigh.  Further,  does  not  Rayleigh's  method  prove 
Zoo  mach  ?  If  it  holds,  the  consequence  follows,  according  to  this  writer, 
that  not  merely  the  equal  partition  of  energy,  but  the  law  of  distribution  of 
Tdocities,  c""^  must  hold  for  all  states  of  matter.  S.  H.  B. 

Fiux  of  Mechanical  Energy,    V.  Volterra.    (N.  Cimento,  10.  pp. 

1809.     Paper  read  before  the  Meeting  of  the  Societa  Fisica  Italiana, 

21,  1809.}— The  author  refers  to  Poynting's  law  of  the  flow  of  energy  irv 

field  :  also  to  the  researches  of  Wien  on  the  \oca\\s«at\otv 
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space  and  in  part  of  space  occupied  by  matter,  in  which  the  only  forces 
acting  arc  the  Newtonian  attractions,  and  the  elastic  forces,  and  he  propounds 
the  question  whether  it  is  possible  to  represent  the  flow  of  energy  in  all 
space  on  the  assumption  that  no  transformation  into  other  forms  of  energy 
takes  place.  And  this  question  is  answered  in  the  affirmative,  namely,  that  it 
is  possible  so  to  represent  it  by  means  of  quantities  referring  only  to  the 
point  considered. 

The  energy  of  the  Newtonian  attractions  due  to  a  system  of  masses 
invariable  in  position  can  be  put  in  the  form  F*/4x  per  unit  of  volume,  where 
F  is  the  force  per  unit  of  area.  That  is  on  the  hypothesis  on  which  the  New- 
tonian system  is  based,  namely,  that  of  instantaneous  action  at  a  distance. 
If  the  masses  at  given  positions,  instead  of  being  invariable,  change  with  the 
time,  as  will  be  the  case  if  the  masses  are  in  motion,  a  corresponding 
expression  must  hold  for  the  variations  of  these  masses.  The  author  takes  a 
new  vector  I  denoting  the  time  variation  of  F,  and  finds  for  the  correspond- 
ing flux  of  energy  the  expression  —  t-/  I,  where  /  is  the  projection  of  F  on 

the  direction  of  I.  He  next  considers  the  flux  of  kinetic  energy  and  that  of 
the  elastic  forces.    The  results  obtained  are  as  follows  : — 

The  flow  of  mechanical  energy  at  any  point  is  the  resultant  of  three 
vectors  :  (i)  The  vector  I,  denoting  the  rate  of  change  of  the  Newtonian 
force  multiplied  by  U/4Tr,  U  being  the  Newtonian  potential ;  (2)  The  vector 
V,  representing  the  velocity  of  motion  of  matter  at  the  point  considered, 

ultiplied  by  pf  -    —  U ),  |o  being  the  density ;  (8)  The  product  of  V  and  the 

vector  T,  which  represents  the  elastic  tension. 

Finally  he  considers  the  motion  of  a  spherical  mass  as  equivalent  to  a 
magnetic  element  magnetised  in  direction  of  the  motion.  S.  H.  B. 

903.  Range  oj  Observable  Phenomena,  G.  J.  Stoney.  (Roy.  Dublin  Soc^ 
Proc.  9.  pp.  79-96, 1899.) — The  author  classifies  the  various  measurable  dis* 
tances  under  four  groups,  as  stellar  distances,  planetary  intervals,  laboratory 
measures,  and  molecular  quantities  respectively.  Each  of  these  stands  to  the 
next  in  the  ratio  of  10^"  to  1.  The  uttermost  region  of  the  visible  univeraej 
accessible  to  our  telescopes  is  probably  10**  m.  away.  Light  takes 
100,000  years  to  reach  us  from  there,  and,  when  the  white  spot  flared  up  h 
the  nebula  of  Andromeda  some  time  ago,  we  were  probably  witnessing 
occurrence  which  happened  during  the  neolithic  period.  Light,  by 
wonderful  speed,  brings  these  enormous  distances  within  our  grasp.  It 
brings  us  into  touch  with  extremely  minute  intervals  by  the  smallness  of  il 
wave-lengths.  The  smallest  distances  with  which  we  can  even  theoretic 
deal  are  larger  than  10~"  m.,  and  comprise  the  intervals  concerned  in  ev< 
within  atoms.  A  further  subdivision  is,  to  us,  meaningless.  The  kno^ 
universe,  then,  is  comprised  between  the  limits  of  ultra-stellar  remoteness 
infra-molecular  proximity.  Large  as  the  range  is,  it  might  be  infinil 
larger  in  both  directions.  Mapped  out  as  it  is  by  the  author,  it  reseml 
nothing  so  much  as  an  absorption  band  in  a  spectrum,  representing  1 
portion  of  the  material  universe  which  happens  to  be  accessible  to  bn 
faculties.  £.  ] 

094.  Resistance  of  Air  io  Projectiles,   P.  Vieille.  (Comptes  Rendi»,  Ml 
285-288,  Jan.  29,  1900.)— Experiments  of  Mach  and  Boys  have  shown  I 
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projectile  moving  in  air  causes  an  abrupt  disturbance,  which  accompanies 
tbe  projectile  as  a  ripple  A  B  C  D. 

The  normal  velocity  of  the  parts  A  B  and  C  D  is  equal  to  the  velocity  of 
■ound,  while  that  of  E  is  equal  to  the  velocity  of  the  projectile.  The  author 
considers  the  motion  of  a  projectile  so  large  that  the  curve  at  E  may  be  con- 


sidered flat,  and  calculates  the  difference  in  pressure  between  the  two  sides 
of  the  ripple  from  the  formula — 

Where  V  equals  Ihe  velocity  of  the  projectile,  P*  and  Po  are  respectively  the 
density  and  pressure  of  the  air  at  rest,  P  is  the  pressure  on  the  side  of  the 
ripple  near  the  projectile,  and  m  is  presumably  the  ratio  of  the  specific  heats. 
The  equation  may  t>G  applied  to  the  motion  of  the  large  projectiles  de  rupture 
de  la  Marine.    Some  results  arc  given  below  : — 


iokgB.p8r«i,cm- 

1.200 

16-01 

15ft4 

0-68 

Prw:tice  and  theory  agree  so  well  up  to  1,200  per  sccond.that  it  is  interest- 
ing to  c^culate  the  resistances  experienced  and  the  temperatures  attained  by 
>  body  moving  with  high  velocities  as  follows  : — 

Spaed.  Baotstuice.  TeLuparBtare. 

l,aOOm 15-64  680° 

2.000        48-8  1,741 

4,000        178-6  7,751 

10,000        1,098  48,490 

Without  attaching  absolute  values  to  the  numbers  they  give  an  idea  of  the 
*^ia  which  high  temperatures  may  be  attained  by  meteorites.  A.  G. 

906.  Sludy  of  Upfer  Atmosphere  with  Kites  and  Balloons.  L.  Teissereoc 
fc  Bort.  (Soc.  Franc.  Phys.,  Seances,  8.  pp.  126-185, 1899.)— This  method  of 
■deonilogica]  inquiry  has  been  previously  noticed  in  Abstracts  Nos.  1642  and 
Mt(180S).  The  present  article  contains  a  review  of  previous  work,  but  new 
to  the  statement  that  in  Septemt>er,  1899,  ot>servations  were 

iHr  nt  A  Rnn  mi.tri>a    t>ii>  hiah>>Et  ti!lhi>rtn  nH-ainoH  Kv  ^nv  (nrnt 
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of  kite.  Considerable  success  has  been  attained  in  improvements  permitting 
the  ascent  of  small  balloons  during  violent  gales,  even  when  wind  had  a 
velocity  of  14  metres  per  second.  These  captive  balloons  have  attained  much 
greater  altitudes  than  the  kites,  but  of  course  difficulty  was  encountered  on 
account  of  heating  action  of  sun.  By  working  at  night  by  moonlight  over  120 
balloons  have  been  launched,  by  means  of  which  the  curves  of  temperature 
and  pressure  have  been  automatically  registered  at  a  height  of  18,000  metres 
on  twenty-four  occasions,  at  14,000  metres  eight  times,  and  at  15,000  metres 
three  times.  The  chief  conclusions  derived  from  the  discussion  of  the  results 
are :  (1)  The  differences  of  temperature  from  one  day  to  another  may  be 
greater  at  altitudes  of  7,000-8,000  metres  than  near  the  surface  of  the  ground  ; 
(2)  That  the  temperature  decreases  much  more  quickly  in  the  neighbourhood 
of  regions  of  depression,  being  in  some  cases  as  much  as  0*90®  C.  for  100 
metres.  C.  P.  B. 

996.  Elastic  Waves  in  Stone.  M.  P.  Rudzki.  (Acad.  Sci.  Cracovie,  Bull. 
40.  pp.  878-884,  1899.) — In  an  earlier  paper  the  author  has  shown  that 
pressure  or  stratification  (or  both  causes  together)  produces  such  a  condition 
in  stone  that  it  cannot  on  a  large  scale  be  considered  isotropic.  The  present 
paper  is  mathematical,  and  an  endeavour  is  made  to  obtain  an  idea  of  the 
form  of  the  wave  surfaces  in  granite  when  subjected  to  pressure.  There  are 
not  sufficient  experimental  data  to  work  out  the  subject  fully,  and  so  arbitrary 
values  are  given  to  certain  constants.  The  author  concludes  that  there  are 
no  grounds  for  assuming  that  torsional  and  dilatational  waves  are  separated 
in  such  stones  as  granite,  gneiss,  &c.  A.  G. 

997.  Dynamical  Criticism  of  the  Nebular  Hypothesis,  F.  R.  Moulton. 
(Astrophys.  Journ.  11.  pp.  108-180,  March,  1900.) — In  this  article  the  author 
discusses  at  some  length  the  bearing  of  modern  dynamical  treatment  on  the 
various  problems  involved  in  the  nebular  theory  of  cosmic  evolution 
enunciated  by  Laplace.  The  various  criticisms  put  forward  may  be  grouped 
into  three  categories :  (1)  Comparisons  of  observed  phenomena  with  those 
which  result  from  the  expressed  or  implied  conditions  stated  by  the 
hypothesis ;  (2)  Discussions  of  the  question  whether  the  supposed  initial 
condition  could  have  developed  into  the  existing  system ;  (8)  Comparisons 
of  these  properties  of  the  initial  system  with  the  one  now  existing,  which  are^ 
invariable  under  all  changes  resulting  from  the  action  of  internal  forces. 

Under  the  first  section  of  the  discussion  it  is  pointed  out  that  the  fact  that 
the  planes  of  the  planetary  orbits  presenting  considerable  variations  among 
themselves,  and  also  that  four  satellites  revolve  in  planes  making  practically 
right  angles  with  the  average  plane  of  revolution  of  the  system,  are  in  dire^ 
contradiction  with  one  of  the  chief  deductions  from  the  hypothesis.  Other: 
objections  concerning  observed  phenomena  are  the  unaccountable  and 
suspiciously  irregular  distribution  of  the  masses  of  the  planets,  and  the: 
unexplainable  anomaly  of  the  motion  of  the  inner  ring  of  Saturn. 

The  objections  considered  under  the  second  category  are  that  the  ligh 
elements  would  have  escaped  from  the  mass  ;  that  matter  would  have  bei 
detached  continuously  instead  of  in  rings  at  rare  intervals ;  that  if  a  ring  we 
contracted  into  a  planet  except  an  infinitesimal  remainder  distributed  ala 
its  path,  the  process  of  aggregation  could  not  complete  itself;   that  \ 
gravitation  in  the  masses  occurring  in  the  rare  media  would  be  so  feeble  tl 
tbey  would  seldom  come  in  contact,  and  that  Roche's  limit  and  a  similar  n 
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criterion  show  that  fluid  masses  of  the  density  which  must  have  formerly 
existed  would  be  disintegrated  by  the  disturbing  action  of  the  sun. 

In  the  third  section  of  the  inquiry  the  question  of  conservation  of 
moments  of  momentum  is  alone  considered,  but  the  results  obtained  are 
in  such  discordance  with  those  required  by  the  hypothesis  as  to  indicate  that 
the  original  nebulous  mass,  so  far  from  being  in  any  sense  homogeneous y  was 
heUrogeneous  to  a  degree  hitherto  considered  improbable.  Involved  in  the 
validity  of  the  above  statements  is  the  question  of  the  age  of  the  earth,  which 
has  been  calculated  on  the  theory  of  the  sun's  contraction  from  a  gaseous 
sphere  arranged  in  concentric  envelopes.  C.  P.  B. 

908.  Silicon  in  Stellar  Spectra.  J.  Lunt.  (Roy.  Soc,  Proc.  66.  pp.  44-50, 
March  8,  1900.) — Gill  had  called  attention  to  three  unknown  lines  in  the 
spectrum  of  /3  Crucis  (Roy.  Soc,  Proc.  65.  p.  205),  and  McClean  had  also 
recorded  them  in  his  measures.  Being  engaged  in  obtaining  a  comparison 
spectrum  of  oxygen,  the  author  used  a  tube  containing  COj  and  excited  it  from 
a  powerful  18-inch  coil  with  four  large  jars  and  an  air-gap  in  the  secondary 
circuit.  From  this  and  an  argon  tube,  spectra  were  obtained  showing  three 
lines  which  coincided  with  the  three  lines  previously  noted  by  Gill  as 
unknown.  Trying  many  different  tubes  it  was  found  that  with  a  discharge  of 
low  intensity  the  spectrum  of  the  gas  was  obtained,  while  on  passing  a  more 
intense  discharge  the  gaseous  spectrum  disappeared,  and  was  replaced  by 
that  of  calcium  and  oxygen,  together  with  the  new  lines.  This  pointed  to  the 
disintegration  of  the  glass  of  the  tube  as  the  source,  and  trial  of  the  spark 
between  glass  electrodes  proved  this  to  be  correct.  Finally  a  tube  was  made 
without  capillary  and  filled  with  gaseous  SiF4,  and  this,  showing  the  lines, 
proved  conclusively  that  the  three  lines  were  due  to  silicon.  Their  wavc- 
Ici^hs  are  X4552-79,  456709,  and  4574-68. 

The  paper  closes  with  a  discussion  of  the  application  of  this  spectrum  of 
silicon  as  a  criterion  for  the  determination  of  relative  stellar  temperatures. 

C.  P.  B. 

999.  spectra  of  Polar  Auroras.  Paulsen.  (Comptes  Rendus,  130.  pp. 
655-656,  March  5, 1900.) — Working  in  Iceland  with  two  spectrographs,  one 
with  a  quartz  train,  the  author  has  obtained  several  photographs  of  the 
spectrum  of  the  aurora  borealis  showing  twenty-two  lines,  sixteen  of  which 
arc  new.    Their  positions  are  as  follows  : — 

Strong  lines :  XX837,  858,  891,  420. 

Feeble  lines :  XX853,  871,  876,  881,  393,  397,  402,  406,  412,  417,  422,  432, 
486.  448,  449,  456,  468,  470. 

Other  lines  have  been  traced  between  X337  and  X250,  but  are  too  feeble 
for  measurement.  C.  P.  B. 

REFERENCE. 

1000.  Viscosity  of  Solutions.  R.Hosking.  (Phil.  Mag.  49.  pp.  274-286,  March, 
1900.) — ^Thc  work  is  experimental,  and  has  for  object  the  attainment  of  a  knowledge 
of  the  data  for  some  typical  solutions  up  to  at  least  the  standard  of  accuracy  reached 
by  Thorpe  and  Rodger  for  the  commoner  liquids.  The  types  chosen  are  solutions 
of  sodium  chloride  of  1,  5, 10,  and  20  per  cent.,  representing  electrolytes  ;  and  solu- 
lioos  of  cane  sugar  of  1,  5, 10,  20,  and  40  per  .cent.,  representing  non-electrolytes. 
Absolute  values  of  the  viscosity  are  given  over  a  range  of  temperature  from  QP  to  90<*. 
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1001.  Electromagnetic  Theory  of  Light.  I.  Geometrical  properties  of  the 
wave  surface,  II.  Reflection  and  refraction  at  the  boundary  of  crystals.  A. 
McAulay.  (Phil.  Mag.  49.  pp.  228-242,  Feb.,  1900.)— The  author  begins 
by  the  statement  that  in  a  non-magnetic  medium  :  (1)  The  electromagnetic 
displacement  D  is  the  exact  mathematical  equivalent  of  Fresnel's  displacement. 
(2)  The  electromagnetic  M.M.F.,  H,  or  the  magnetic  induction  B,  is  the  exact 
mathematical  equivalent  of  McCuUagh's  displacement.  (8)  The  electro- 
magnetic E.M.F.,  E,  is  the  exact  mathematical  equivalent  of  Kelvin's 
displacement. 

In  the  second  and  third  cases  the  mathematical  equivalence  extends,  not 
only  to  the  properties  of  plane  waves  within  a  medium,  but  also  to  the 
boundary  conditions  between  two  media.  This  is  true  in  the  first  case  also, 
in  so  far  that  the  laws  of  reflexion  and  refraction  at  the  boundary  of  isotropic 
transparent  media,  which  result  from  the  two  theories,  are  the  same.  The 
four  vectors,  D,  E,  B,  H,  each  divided  by  the  square  root  of  the  energy  per 
unit  of  volume,  are  denoted  by  S,  e,  /3,  y.  The  ray  velocity  is  p,  the  wave 
velocity  is  tr.  Four  geometrical  propositions  are  proved  in  Part  I.  relating  to 
these  vectors.  Proposition  I.  states  that  the  loci  of  the  extremities  of  these 
four  vectors  each  drawn  from  a  point  O  are  ellipsoids  with  common  centre  O. 
He  calls  them  the  D-oid,  E-oid,  B-oid,  and  H-oid.  Proposition  II.  states 
that  the  D-oid  and  E-oid  are  reciprocal  polars,  and  the  B-oid  and  D-oid 
are  also  reciprocal  polars. 

Proposition  III.  asserts  that  if  the  six  vectors  be  arranged  round  a 
circle  in  the  order  ^,  y,  p,  e,  /3,  <r,  each  one  is  the  vector  product  of  its 
two  next  neighbours.  Proposition  IV.  asserts  that  c  and  y  are  in  direction 
conjugate  to  one  another  with  regard  to  the  E-oid  and  the  H-oid. 
Similarly  S  and  /3  are  conjugate  to  one  another  with  regard  to  the 
D-oid  and  B-oid.  The  method  employed  in  the  proof  of  these  propo- 
sitions is  that  of  quaternions. 

Part  II.  treats  of  the  reflexion  and  refraction  at  the  surface  of  crystals, 
based  on  a  theorem  of  W.  Hamilton.  There  are  generally  at  the  surface 
five  rays,  viz.,  the  incident  ray,  and  two  refracted  and  two  reflected  rays. 
The  M.M.F.'s  of    these    rays   are    denoted    by   Hj,  H|,  Hj,  HJ,  HJ.     The 

■I 

corresponding    vectors    of    ray  velocity  are  p,  /o^,  /o^,  /o*,  p'.      Hamilton's 

theorem  is  that  if  we  suppose  mechanical  forces  H,  — H',  — HJ^  HJ,  H^  to     -] 

act  at  the  points  whose  vector  co-ordinates  are  /»,  pj,  p'^,  p",  p'   they  will     -^ 

reduce  to  a  couple  whose  plane  is  parallel  to  the  face.    The  theorem  holds 
only  when  both  media  are  non- magnetic.  S.  H.  B. 

A 

I 

1002.  Optical  Constants  oj  Metals.  J.  Koenigsberger.  (Deutsch,  Phys* 
Gesell.,  Verh.  1.  14.  pp.  247-262,  1899.>— The  author  finds  that  the  optical 
constants  of  metals  (the  refractive  index  and  absorption)  are  independent  o£ 
temperature.  The  metals  used  were :  gold,  silver,  platinum,  iron,  nickd» 
and  copper,  in  the  forms  of  thin  films  deposited  on  glass.  The  range  of 
temperature  extended  up  to  860°  t. 

According  to  Maxwell's  theory  the  index  of  absorption  is  equal  to  th< 
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product  of  the  electric  conductivity,  the  velocity  of  light,  and  the  wave-length 
in  the  medium.  The  electric  conductivity  varies  very  greatly  with  the 
temperature,  and  therefore  the  index  of  absorption  ought  to  vary  accordingly. 
The  author  accounts  for  the  disagreement  by  supposing  that  the  electric 
conductivity  as  ordinarily  measured  is  not  the  same  as  the  conductivity  for 
electric  waves  whose  period  is  comparable  with  the  wave-length  of  light. 
The  conductivity  according  to  this  assumption  may  be  divided  into  two  parts, 
the  one  depending  on  the  temperature  satisfying  slow  electric  oscillations,  and 
the  other  independent  of  the  temperature  satisfying  very  rapid  oscillations. 
The  conductivity  for  Hertzian  waves  of  about  4  metres  wave-length  has  been 
found  to  be  the  same  as  for  continuous  currents.  Rubens  and  Nichols  have 
found,  however,  that  the  reflection  and  absorption  of  metals  increases  very 
greatly  for  long  infra-red  waves,  the  increase  being  partly  dependent  on  the 
temperature. 

The  paper  contains  also  a  mathematical  consideration  of  the  subject. 

J.  B.  H. 

1003.  Metallic  Reflection,  £.  Hagen  and  H.  Rubens.  (Ann.  d.  Physik, 
1.  2.  pp.  852-875,  Feb.,  1900.) — The  authors  determined  the  reflective  powers 
of  various  metals  and  of  glass  mirrors  for  the  various  rays  of  the  visible 
spectrum  by  a  photometric  method.  The  substances  were  put  into  the  shape 
of  concave  mirrors,  and  the  real  image  of  a  strip  of  incandescent  platinum 
was  formed  by  reflection  close  to  the  object,  and  compared  with  the  latter 
by  a  spcctro-photometer.  As  a  general  rule,  the  reflective  power  of  metals 
increases  with  the  wave-length  of  the  light.  This  is  of  course  especially  the 
case  in  gold  and  copper.  Thus  the  reflective  power  of  gold  for  rays  of  wave- 
length 700  is  the  same  as  that  of  silver.  As  regards  speculum  metals,  those 
of  Rosse,  Brashear,  and  Schroeder,  all  have  about  the  same  reflective  power, 
which  is  equal  to  that  of  nickel.  Brandes  and  Schuenemann's  nickel-iron 
alloy  is  not  highly  reflective,  but  exceedingly  durable,  and  takes  a  fine  polish. 
Some  erf  Mach's  aluminium-magnesium  speculum  metals  have  a  very  high 
reflective  power,  which  approaches  that  of  silver.  (See  also  1900,  Abstract 
Xo.  46S.)  E.  E.  F. 

1004.  Refraction  in  Crystals,  L.  T.  More.  (Phil.  Mag.  49.  pp.  262-274, 
March,  1900 ;  read  in  part  to  the  American  Mathematical  Society,  August, 
1899.) — In  doubly  refracting  media  light  breaks  up  into  two  parts  which 
follow  different  paths  unless  the  light  traverses  a  path  coinciding  with  the 
optic  axis  of  the  crystal,  or  unless  the  path  coincides  with  the  major  or  minor 
axis  of  the  elliptic  section  of  the  wave  surface.  That  these  are  only  two 
special  cases  of  an  infinite  number  in  which  the  paths  of  the  ordinary  and 
extraordinary  coincide  was  first  shown  by  Brace. 

The  geometrical  construction  for  obtaining  the  coincidence  of  the  two 
njs  follows  at  once  from  Huyghen's  principle.  Suppose  O  is  the  centre  of 
the  principal  section  of  Fresnel's  wave  surface,  and  suppose  any  ray  OEC 
cuts  the  circle  in  C  and  the  ellipse  in  E.  If  we  draw  tangents  at  C  and  E 
these  will  meet  in  a  point  S.  If  now  OS  be  taken  as  the  surface  of  the 
crystal,  any  ray  which  is  incident  on  it  at  such  an  angle  as  to  make  the 
ordinary  ray  pass  along  OC  will  have  the  ordinary  and  extraordinary  rays 
coinciding  in  CKE. 

In  the  present  paper  the  author  considers  mathematically  the  locus  of  S, 
te  intersection  of  the  tangents.  The  equation  is  of  the  eighth  degree,  and  repre- 
a  conre  symmetrical  about  the  axes.    Diagrams  in  the  paper  sho^  IVie 
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of  ft  dnplicated  image  instead  of  the  more  Or  leSs  sharp  appearance  of  the 
single  image  as  usually  examined.  The  procedure  is  to  hold  an  opaque 
screen  in  the  path  of  the  light  from  the  objective,  then  while  the  ground  gkss 
is  exactly  at  the  correct  focus,  a  single  image  will  be  seen,  but  if  it  is  away 
frcMn  the  conjugate  focus,  there  will  be  a  duplication  of  the  image,  caused  by 
the  light  from  the  two  parts  of  the  objective  not  masked  by  the  interposed 
opaque  screen.  C.  P.  B. 

1007.  KonigSpKiro-pkolomeier.  F.F.  Martens.  (Deutsch.  Phys.  Gesell., 
Verb.  L  16.  pp.  280-284,  1890.) — The  author  describes  certain  improvements 
made  in  Konig's  spectro- photometer  of  186S.  The  telescope  is  movable 
about  a  horizontal  instead  of  a  vertical  axis,  and  certain  disturbing  reflections 
are  avoided.  E.  E.  F. 

1008.  Prism  Pholomeler.  F,  F.  Martens.  (Deutsch.  Phys.  Gesell.,  Verh. 
).  15.  pp.  278-279,  1999.)— The  two  beams  of  light  to  be  compared  enter  by 
the  two  apertures  in  the  diaphragm/ (see  diagram).  Between/and  a  second 
opaque  diaphragm/  a  twin  prism  Z  with  some  lenses  is  so  arranged  that  the 
twodiaphragms/and/  are  projected  upon  each  other,  and  that  the  edge  of 
the  twin  prism  is  seen  sharp  from/.    The  observer  thus  sees  the  two  halves 


cf  the  prism  each  through  a  different  aperture  of  the  diaphragm  /.  This 
comparison  apparatus  can  be  used  in  connection  with  various  measuring 
^paratus.  It  may  be  mounted  on  an  optical  bench.  It  fulfils  all  the  con- 
ditifMis  laid  down  by  Weber  and  by  Lummer  and  Rrodhun  for  instruments 
<rf  photometric  comparison.  For  each  iicld  only  receives  light  from  one  of 
the  sources,  the  two  fields  arc  separated  by  a  perfectly  sharp  line,  and  that 
Hoe  disappears  entirely  at  equal  luminosity.  E.  E.  F. 

1009.  Diffraction  in  Optical  I iislrumen/s.  K.  Strehl.  (Zeitschr.  Instru- 
mentenk.  19.  pp.  864-871,  Dec,  1899.)— The  author  points  out  the  various 
fallacies  occa^oncd  in  the  construction  and  use  of  optical  instruments  by  the 
neglect  of  certain  principles  of  diffraction.  Geometrical  and  physical  optics 
look  upon  light  from  two  diametrically  opposite  points  of  view.  Geometrical 
optics  deaJ  with  the  "  ray,"  and  consider  il  as  being  propagated  in  a  straight 
line.  In  reality,  the  greater  the  efforts  that  are  made  for  isolating  a  ray,  the 
more  does  it  tend  to  disappear.    The  diffraction  theory  starts  from  ttie  wvt« 
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surface,  and  assumes  that  light  is  propagated  primarily  in  spherical  wave 
surfaces.  Its  smallest  element  is  a  portion  of  luminous  energy  evenly 
distributed  over  a  very  small  surface.  The  "  cone  of  rays  "  is  a  fiction  of 
geometrical  optics,  which  leads  to  such  fallacies  as  that  the  apparent  bright- 
ness of  fixed  stars  increases  with  the  square  of  the  aperture,  and  is  independent 
of  the  magnification.  In  the  construction  of  achromatic  objectives,  the  con- 
centration of  the  light  of  two  different  wave-lengths  is  erroneously  considered 
to  be  of  paramount  importance.  The  author  shows  that  the  so-called 
apochromatic  lenses  are  nothing  but  objectives  with  a  strongly  diminished 
secondary  spectrum.  It  is  only  when  extremely  great  focal  lengths  or 
small  apertures  are  used  that  we  have  truly  apochromatic  lenses. 

E.  E.  F. 

1010.  Fringes  of  Mixed  Plates.  C.  Fabry.  (Journ.  de  Physique,  8.  pp. 
696-699,  1899.) — Fringes  of  mixed  plates  are  observed  in  a  transmission 
apparatus  for  Newton's  rings,  in  which  the  thin  layer,  instead  of  being  a  layer 
of  air,  consists  of  two  different  media,  such  as  a  layer  of  air  interrupted  by 
numerous  drops  of  water.  There  is  interference  between  the  light  which  has 
traversed  the  air  and  that  which  has  traversed  the  water.  If  there  is  normal 
incidence,  and  n  is  the  refractive  index  of  the  water,  and  e  the  thickness  of 
the  layer,  the  difference  of  path  between  the  two  rays  is  {n  —  l)e.  We  shall 
therefore  have  a  system  of  rings  with  a  white  centre,  the  maxima  of  which 
are  defined  for  a  wave-length  X  by  the  equation  {n  —  l)e  =  X.  This  is  the 
classical  theory,  but  the  author  points  out  that  it  is  incomplete,  and  proceeds 
to  supplement  it  by  the  modern  theory  of  diffraction.  He  shows  that  the 
centre  is  not  necessarily  white,  but  may  be  made  either  white  or  black  accord- 
ing to  the  illumination.  The  theory  of  the  rings  with  a  white  centre  may  be 
derived  from  that  of  the  rings  with  a  black  centre  by  simple  reversal,  and 
the  aid  of  the  case  where  the  rings  are  invisible.  E.  E.  F. 

1011.  Reciprocity  in  Diffuse  Reflection.  Rayleigh.  (Phil.  Mag.  49.  pp. 
824-826,  March,  1900.) — Commenting  upon  Wright's  conclusion  that  "  a  law 
for  the  intensity  of  reflected  scattered  light  cannot  be. symmetric  in  refer- 
ence both  to  the  angle  of  incidence  and  the  angle  of  emergence,'*  the 
author  says  that  that  conclusion  is  in  contradiction  with  a  fundamental 
principle  of  reciprocity  of  such  generality  that  escape  from  it  is  difficult. 
He  thus  applies  the  principle  to  the  present  case  : — 

"  Suppose  that  in  any  direction  (i)  and  at  any  distance  r  from  a  small 
surface  (S)  reflecting  in  any  manner  there  be  situated  a  radiant  point  (A)  of 
given  intensity,  and  consider  the  intensity  of  the  reflected  vibrations  at  any 
point  B  situated  in  direction  «  and  at  distance  /  from  S.  The  theorem  is  to 
the  effect  that  the  intensity  is  the  same  as  it  would  be  at  A  if  the  radiant  point 
were  transferred  to  B.  The  conclusion  follows  that  whatever  may  be  its 
character  in  other  respects,  the  function  of  i  and  c  which  represents  the 
intensity  of  the  reflected  scattered  light  must  be  symmetrical  with  respect  to 
these  quantities. 

"  The  actual  departures  from  the  reciprocal  relation  found  by  Dr.  Wright 
were  not  very  large,  and  they  may  possibly  be  of  the  nature  of  experimental 
errors.  In  any  case  it  seems  desirable  that  the  theoretical  difficulty  in  accept- 
ing Dr.  Wright's  conclusion  should  be  pointed  out."  E.  E.  F. 

1012.  Kirchhoffs  Law  and  Electrically  Glowing  Gases.  M.  Cantor.  (Ann. 
d.  Physik,  1.  8.  pp.  462-466,  March,  1900.)— The  light  from  an  arc   lamp 
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falls  upon  two  mirrors  placed  vertically  one  below  the  other,  and  having  their 
planes  vertical  and  normal  to  each  other.  The  lower  mirror  reflects  the  beam 
into  a  vacuum  tube  and  out  at  the  other  end,  where  it  is  received  on  another 
mirror,  and  reflected  back  again  through  the  tube,  finally  entering  a  spectro- 
scope provided  with  a  Vierordt  double  slit.  The  upper  mirror  reflects  the 
beam  direct  into  the  spectroscope.  Of  the  two  beams  thus  compared,  one 
traverses  the  glowing  gas  in  the  vacuum  tube  twice,  while  the  other  does  not. 
The  observer  is,  therefore,  able  to  determine  whether  the  first  beam  is  per- 
ceptibly absorbed  by  the  glowing  gas.  Allowance  must  be  made  for  illu- 
mination by  the  glowing  gas  itself.  The  author  finds  that  there  is  no 
perceptible  absorption.  As  by  Kirchhoff's  law  the  ratio  of  the  emission  to 
the  absorption  equals  the  emission  of  a  black  body  at  the  same  temperature, 
the  glowing  gases  should  have  an  extremely  high  temperature.  But  since 
they  have  not,  Kirch ho£F's  law  does  not  hold  for  electrically  glowing  gases. 

E.  E.  F. 

1013.  Spectrograph.  J.  Hartmann.  (Zeitschr.  Instrumentenk.  20.  pp. 
17-27,  Jan.,  and  pp.  47-58,  Feb.,  1900.) — This  paper  deals  with  investigations 
which  have  been  conducted  during  the  last  two  years  at  Potsdam  preparatory 
to  building  two  spectrographs  to  be  used  in  conjunction  with  the  large 
refracting  telescope  in  the  observatory  at  Potsdam  for  the  photography  of 
stellar  spectra. 

The  points  dealt  with  are :  (i)  Choice  of  objectives  for  collimator  and 
camera ;  (2)  Relative  light  intensity  from  simple  and  compound  prisms ;  (8) 
Requisite  size  of  prisms ;  (4)  Testing  and  adjusting  the  apparatus ;  (6)  Sliding 
diaphragms  for  the  slit  for  stellar  spectrography. 

The  conditions  to  be  satisfied  by  the  collimator  objective  are  just  those 
which  an  astronomical  objective  fulfils,  namely,  absence  of  spherical  aber- 
ration and  good  achromatism  for  rays  from  a  point  on  or  near  the  axis.  For 
the  camera  objective  the  conditions  are  different.  The  lens  must  be  a  very 
wide  angle  lens  and  must  have  no  spherical  aberration.  The  achromatism, 
on  the  other  hand,  is  of  secondary  importance,  as  the  photographic  plate  may 
be  set  at  an  angle.  If  the  lens  is  made  of  two  glasses  achromatised  for  two 
wave-lengths,  then  the  focal  length  is  a  minimum  for  the  wave-length  midway 
between  these  two  in  the  spectrum.  The  photographic  plate  may  therefore 
be  set  up  perpendicular  to  this  ray,  and  the  lenses  may  be  so  chosen  that 
when  this  ray  is  in  focus  all  the  rest  of  the  spectrum  is  practically  in  focus. 

With  compound  prisms  it  is  generally  assumed  that  greater  dispersion  can 
be  obtained  than  with  simple  prisms  with  the  same  loss  of  light,  owing  to  the 
diminished  number  of  surfaces  between  glass  and  air  through  which  the  light 
has  to  pass.  The  author  here  shows,  however,  that  this  increase  of  light  is 
lost  in  the  increase  of  thickness  of  the  glass  and  in  the  less  favourable  angle 
of  incidence  which  it  is  necessary  to  adopt  with  the  compound  prism. 

With  regard  to  the  size  of  the  prisms,  the  author  finds  that  besides  the 
saving  in  weight  and  cost  when  the  prism  is  made  smaller  so  as  not  to  catch 
the  whole  of  the  parallel  circular  beam  from  the  collimator,  there  is  also  a 
gain  in  brightness  of  the  spectrum,  due  to  the  diminished  absorption  in  glass. 
The  reduction  must  not  be  carried  too  far,  however.  The  best  conditions  are 
obtained  when  a  segment  of  the  circular  beam  subtending  at  the  centre  an 
angle  of  80^  passes  the  edge  of  the  prisms.  No  light,  however,  must  pass  the 
base  edge. 

For  an  account  of  the  methods  of  testing  the  lenses  and  prisms  and  Ite 
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1014.  Rotatory  Power  of  Active  Valeric  Acid.  P.  A.  Guye  and  E.  Aston. 
(Comptes  Rendus,  180.  pp.  585-588,  Feb.  26,  1900.)— The  anomalous  change 
in  specific  rotatory  power  exhibited  by  amyl  alcohol  (see  1898,  Abstract  No. 
867)  in  its  passage  from  the  liquid  to  the  vaporous  state,  is  not  shown  by  all 
active  substances  which,  like  amyl  alcohol,  are  polymerised  when  in  the 
liquid  state.  Thus,  the  authors  find  that  the  rotatory  power  of  valeric  acid 
decreases  continuously  as  the  liquid  is  heated  and  finally  vaporised.  Further, 
in  aqueous  solution,  the  specific  rotation  of  valeric  acid  does  not  change  with 
the  concentration,  and  is,  besides,  considerably  greater  than  the  value  in 
ethylene  bromide,  the  rotatory  power  in  the  latter  case  varying  greatly  with 
the  concentration  of  the  solution ;  hence  it  follows  that  valeric  acid,  like 
amyl  alcohol,  is  composed  of  a  mixture  of  simple  molecules  (CsHioOi)  and 
of  molecular  complexes  (CsHioOj)^,  the  former  having  a  higher  optical 
activity  than  the  latter.  The  fact  that  the  specific  rotation  of  amyl  alcohol 
shows  diminution  when  the  liquid  is  vaporised,  whilst  that  of  valeric  acid 
exhibits  no  such  behaviour  is  due  to  two  causes :  (1)  As  shown  by  Ramsay 
and  Shields,  in  the  case  of  the  primary  alcohols  of  the  fatty  series,  the  action  of 
heat  in  resolving  the  complex  molecules  is  very  marked,  whilst  with  the  fatty 
acids  such  action  is  scarcely  appreciable.  (2)  The  vapour  density  of  amyl 
alcohol  is  about  normal,  while  that  of  valeric  acid  indicates  the  presence 
of  a  large  proportion  of  complex  molecules ;  in  the  latter  case,  then,  the 
specific  rotation  of  the  simple  molecules  is  masked  by  that  of  the  more 
numerous  molecular  complexes,  T.  H.  P. 

1015.  Kerr  Effect,  F.  J.  Micheli.  (Ann.  d.  Physik,  1.  3.  pp.  542-565, 
March,  1900.) — The  Kerr  phenomenon  in  cobalt  and  nickel  is  disturbed 
by  the  presence  of  surface  contaminations  even  in  very  minute  quantities. 
In  these  metals,  and  also  in  steel,  the  critical  angle  of  incidence  is  lowered  by 
impurities.  Even  in  the  case  of  the  cleanest  mirrors,  the  magneto-optic 
phenomena  in  nickel  and  cobalt  cannot  be  represented  by  one  constant  only. 
The  introduction  of  a  second  magneto-optic  constant  still  leaves  distinct 
differences  between  theory  and  observation.  These  differences  are  partly 
explained,  and  can  to  a  certain  extent  be  calculated,  by  assuming  that  the 
mirror  is  not  magnetised  in  a  perfectly  homogeneous  manner.  When  that  is 
done,  it  is  found  that  the  "equatorial"  magnetisation  produced  by  a  field 
parallel  to  the  mirror  and  to  the  plane  of  incidence  is  in  the  case  of  nickel 
and  cobalt  somewhat  less  on  the  surface  than  in  the  interior,  even  when  the 
thickness  of  the  surface  layer  does  not  exceed  -^^  of  the  wave-length  of  light, 
or  5^  in  the  case  of  cobalt.  E.  E.  F. 

1016.  Absorption  of  Light  in  a  Magnetic  Field.  A.  Right.  (Journ.  de 
Physique,  8.  pp.  608-610,  1899.  From  Bologna,  Accad.  Scienze,  May  28, 
1899.)— The  acquisition  of  a  large  Rowland  grating  has  enabled  the  author  to 
proceed  further  in  the  study  of  the  properties  of  the  hyponitrite  of  sodium 
and  of  sodium  vapour,  traversed  by  a  beam  parallel  to  the  magnetic  lines  of 
force.  The  absorption  lines  of  hyponitrous  acid  which  undergo  a  sensible 
change  owing  to  the  action  of  the  field  are  distributed  in  two  groups,  one  of 
them  situated  between  the  components  of  the  D  line,  and  the  other  between 
5920  and  5924.  When  the  field  is  made,  these  lines  become  blurred  and  get 
mixed  up  together  in  a  single  band.  E.  E.  F. 

1017.  Reciprocity  in  Magneto-optic  Phenomena.     O.   M.   Corbino.     (N. 
9nto,  10.  pp.  408-419, 1899.)— In  the  Amer.  Journ.  Sci.  90.  p.  196,  1899, 
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Sheldon  finds  a  magnetic  field  created  by  a  bundle  of  light  ra3rs  whose  plane 
of  polarisation  is  undergoing  rapid  rotation;  but  the  author,  by  several 
methods  which  ought  to  show  a  much  greater  effect,  entirely  fails  to  confirm 
this  result  and  explains  Sheldon's  experiments  by  various  disturbing  causes. 

A.  D. 

lOia  Zeeman  Normal  Triplet.  W.  Voigt.  (Ann.  d.  Physik,  1.  2.  pp. 
876-888,  Feb.,  1900.) — The  formulae  obtained  by  the  author  for  the  normal 
Zeeman  triplets  are  very  complicated,  and  he  has  hitherto  confined  himself  to 
a  first  approximation.  The  agreement  between  the  theoretical  results  so 
obtained  and  the  observations  made  by  2^eman  have  encouraged  him  to 
pursue  the  matter  to  a  further  approximation,  and  he  thus  obtains  a  theoretical 
value  of  the  dissymmetry  observed  in  the  normal  triplet,  and  quite  lately  also 
in  the  quadruplet.  The  observed  dissymmetry  is  very  slight  even  in  the  most 
favourable  case.  £.  £.  F. 

1019.  Experimental  Work  with  the  Echelon  Spectroscope.  Blythswood  and 
E.  'W.  Marchant.  (Phil.  Mag.  49.  pp.  384-408,  April,  1900.)— The  first 
echelon  grating  made  in  this  country,  by  Hilger,  is  in  the  possession  of  Lord 
Blythswood,  who  has  been  using  it  at  his  laboratory  at  Renfrew,  N.B.  The 
present  article  gives  details  of  the  method  of  mounting,  plan  of  work,  and 
determination  of  fundamental  constants  of  the  instrument.  The  echelon 
itself  consists  of  fifteen  plane  parallel  plates  of  light  flint  glass,  each  about 
7*5  mm.  thick,  the  consecutive  steps  being  originally  set  at  1  mm.  intervals, 
but  this  has  now  been  reduced  to  0*5  mm.  The  whole  is  mounted  on  the 
table  of  a  large  goniometer,  the  telescopes  of  which  have  object  glasses 
of  2  inches  aperture  and  28  inches  focus.  As  approximately  monochromatic 
light  must  be  used  the  light  from  the  source  was  first  passed  through  a  sub- 
sidiary prismatic  train,  the  spectrum  given  by  which  was  focussed  on  the 
slit  of  the  echelons  pectroscope,  and  then,  by  turning  the  prisms,  light  of  any 
desired  wave-length  could  be  made  to  pass  into  the  echelon. 

From  statements  of  refractive  indices  for  five  wave-lengths  given  by  the 

glass-makers,  the  constants  in  Cauchy's  dispersion  formula  were  determined, 

so  that  the  equation  became — 

i.noKQ  ^  803  X  10*    ,    1-53  X  10" 
"X  =  1  5968  -f -^ -f-   -    -^^  -  - 

The  authors  then  give  the  theory  of  the  instrument  as  stated  by  Michelson 
(see  1898,  Abstract  No.  1118),  with  its  application  to  the  present  specimen. 

They  then  describe  the  peculiarities  incident  to  the  use  of  the  echelon, 
and  the  appearance  of  the  spectra  given  by  it  are  so  unusual  as  to  need  some 
httlc  preliminary  study.  In  general  several  orders  of  spectra  are  visible  in 
the  field  of  view  simultaneously,  but  the  spectrum  constituting  any  one  order 
may  also  be  presented  under  a  number  of  different  aspects.  There  may  be  a 
single  line,  or  two  lines  of  equal  intensity,  or  an  infinite  number  of  combina- 
tions of  two  lines  of  varying  intensity.  These  changes  are  brought  about  by 
slight  rotation  of  the  echelon,  and  the  most  advantageous  position  is  when 
the  plates  are  normal  to  the  incident  light. 

An  illustration  is  given  of  the  electromagnet  used  for  producing  the 
y-f^TP^"  effect  it  was  proposed  to  study.  The  pole-pieces  are  5  inches 
square,  and  the  winding  such  that  with  a  current  of  20  amperes,  a  field  of 
MjOOO  cg.&  units  can  be  maintained  across  an  8  mm.  air-gap,  and  40,000 
alnun.  gap. 
Zeeman  effect  considered  was  that  of  mercury  vapour,  and  pYvoV" 
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graphs  of  the  behaviour  of  the  lines  X4858  (blue)  and  X5460  (green)  were 
obtained,  the  exposure  varying  from  ten  to  twenty  minutes  with  the  former, 
to  quite  two  hours  for  the  latter.  Reproductions  of  these  photographs  are 
given  in  the  paper,  and  show  very  clearly  the  multiple  groupings  with  varying 
fields.  With  a  field  of  23,800  the  line  X4358  becomes  a  sextet ;  the  green  line, 
\5460,  becomes  a  septet  with  a  field  of  23,400.  Measurements  are  given  for 
other  lines  also,  X5768  and  X6790.  As  the  two  yellow  lines  of  mercury  are 
produced  by  relatively  simple  ionic  movements,  the  value  of  elm  has  been 
calculated  for  them  from  Larmor's  equation  (1).    These  values  are  : — 

X5790,  elm  =  17*2  x  10* 
X5768,  elm  =  189  X  10«. 

The  paper  concludes  with  several  suggestions  as  to  advisable  modifications 
in  future  instruments.  The  interference  of  the  several  orders  visible  con- 
currently may  be  partly  remedied  by  increasing  the  constant  of  the  echelon, 
without,  however,  equally  reducing  the  resolving  power.  As  Michelson 
suggested,  the  constant  may  be  reduced  by  immersion  in  water,  but  this 
would  reduce  the  resolving  power  to  at  least  one-third  of  its  original  value, 
and  therefore  is  inadvisable.  A  better  proposal  is  to  construct  the  echelon 
from  thinner  plates,  and  using  more  of  them.  A  useful  instrument  might  be 
made,  say,  of  thirty  plates,  4  mm.  thick,  set  at  0*6  mm.  or  even  0*26  mm.  steps. 

C.  P.  B. 

1020.  New  Source  oj  Light  for  Spectrometer.  C.  Fabry  and  A.  P6rot. 
(Comptes  Rendus,  180.  pp.  406-409,  Feb.  12, 1900.)— After  describing  and  criti- 
cising the  various  methods  used  for  obtaining  a  suitable  source  of  illumination 
in  work  with  the  spectrometer,  the  authors  give  a  description  of  an  apparatus  in 
which  two  pieces  of  the  metal  to  be  investigated  are  connected  to  the  poles  of 
a  battery  of  secondary  cells  (60  volts) ;  one  of  them  is  made  to  oscillate  and 
come  into  contact  with  the  other,  and  then  is  immediately  withdrawn.  At 
each  separation  an  arc  is  formed  which  is  quenched  and  then  at  once  remade 
at  the  next  contact ;  as  the  action  is  rapid  the  light  appears  continuous.  In 
the  circuit  is  inserted  a  rheostat  and  a  self-induction  (primary  of  a  Ruhmkorff 
coil)  to  increase  the  spark  at  break.  The  alternating  movement  is  produced 
by  the  attraction  of  an  electromagnet  on  an  iron  armature.  The  whole 
apparatus  is  enclosed  in  a*  vacuum.  The  spectra  thus  obtained  are  almost 
identical  with  those  from  the  electric  arc ;  they  are  much  less  complex  than 
those  produced  with  the  induction  discharge  with  capacity. 

It  is  found  that  in  the  case  of  the  green  ray  of  mercury  the  wave-length  of 
radiation  emitted  by  the  spark  trembler  described  is  exactly  the  same  as  when 
it  is  produced  by  a  Michelson's  tube  or  by  the  mercury  arc  in  vacuo.     J.  J.  S. 

1021.  Constitution  of  Yellow  Lines  of  Sodium.  C.  Fabry  and  A.  P6rot. 
(Comptes  Rendus,  130.  pp.  653-656,  March  6,  1900.) — Michelson  has  stated 
that  each  of  the  yellow  sodium  lines  is  itself  made  up  of  two  components. 
The  authors,  however,  noticed  in  their  experiments  that  although  the  lines 
were  seen  double,  the  distance  between  the  components  continually  varied  as 
the  intensity  of  the  source  of  light  was  altered.  This,  of  course,  was  in 
opposition  to  the  idea  of  their  being  true  multiple  lines,  and  the  authors  state 
their  reasons  for  supposing  the  doubling  to  be  due  to  ordinary  reversaL  It  is 
well  known  that  these  two  sodium  lines  are  very  easily  reversed,  and  the 
unsteadiness  always  noticed  in  interference  work  when  these  radiations  arf 

employed  may  be  resdly  attributed  to  this  phenomenon.  C  P»  P 


II 
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1022.  spectrum  of  Silicon,  J.  N.  Lockyer.  (Roy.  Soc,  Proc.65.  pp.  449- 
46%  Jan.,  1900.)-~In  1895  a  strange  double  line  was  found  in  the  spectrum  o 
the  gas  distilled  from  the  mineral  eliasite.  Some  time  later  the  same  lines 
appeared  in  the  spectrum  of  a  vacuum  tube  of  hydrogen  when  worked  with  a 
high  tension  coil  with  condenser  in  secondary  circuit.  This  led  to  the  glass 
itself  being  regarded  as  the  source  of  the  line,  and  direct  examination  of  the 
spark  from  powdered  silica  showed  the  lines  plainly.  The  wave-lengths  of 
these  lines  are  XX4128'3  and  4131*4,  and  both  are  prominent  in  the  spectrum 
of  a  Cygni. 

In  the  later  experiments  a  second  much  wider  double  was  also  noticed, 
having  the  positions  XX8856'1  and  3862*7,  and  these  also  are  present  in 
a  Cygni. 

Still  more  recent  photographs  of  the  spectrum  of  silicon  obtained  with  the 
greater  tension  produced  by  the  Sp)ottiswoode  coil,  have  shown  other  silicon 
lines  which  have  also  been  identified  in  the  sp)ectrum  of  a  Cygni.  The  more 
important  of  these  two  groups,  (6)  40891  and  4116*4  ;  (c)  4562*8,  4568*0, 4575*8. 
Calling  the  first  four  lines  mentioned  group  (a),  it  is  found  that  the  group  (b)  is 
characteristic  to  the  conditions  of  highest  temperature,  and  a  diagram  is  given 
showing  that  the  three  groups  persist  differently  in  stars  of  varying  tem- 
peratnres.  Thus  the  group  (a)  predominates  in  stars  of  the  type  of  /3  Orionis 
(Rigel),  the  group  (ft)  in  stars  of  the  type  of  Z  Orionis,  and  the  group  (c)  in  stars 
of  the  type  y  Orionis  (Bellatrix).  C.  P.  B. 

1023.  Reference  Points  in  Spectra,  M.  Hamy.  (Comptes  Rendus,  180. 
pp.  489-492,  Feb.  19,  1900.) — The  author  discusses  the  advisability  of  avoiding 
the  use  of  spectrum  lines  which  have  been  found  to  be  multiple  for  standard 
determinations  of  wave-length.  He  suggests  as  preliminary  standards  the 
lines  of  cadmium  at  wave-lengths  6438*472,  5150,  and  4660,  which  are,  as  far 
as  at  present  known,  produced  by  simple  radiations.  Experiments  are  in 
progress  to  determine  others  for  intermediate  positions.  C.  P.  B. 

1024.  Discharge  by  Rontgen  Rays,  S.  Guggenheimer.  (Deutsch.  Phys. 
Gesell.,  Verb.  1.  15.  pp.  272-274,  1899.)— When  the  air  between  the  two  plates 
of  a  condenser  is  ionised  by  Rontgen  rays  and  a  current  passes  between  the 
plates  in  consequence,  the  current  increases  with  every  increase  of  the 
difiFerence  of  potential  until  a  certain  limiting  value  is  reached,  beyond  which 
the  current  does  not  increase,  whatever  be  the  value  of  the  potential  difference. 
At  this  point,  according  to  J.  J.  Thomson,  the  current  strength  is  proportional 
to  the  difiFerence  of  the  squares  of  the  electric  force  at  two  points.  The 
author  has  made  some  measurements  to  examine  this  relationship.  The 
electric  force  was  determined  by  means  of  Kelvin's  water-jet  arrangement. 
The  relation  in  question  was  verified  in  three  different  scries  of  measurements 
within  about  5  per  cent.        *  E.  E.  F. 

1025.  Condensation  Nuclei,  C.  T.  R.  'Wilson.  (Roy.  Soc,  Proc.  65.  pp. 
2B9-290.  Roy.  Soc,  Phil.  Trans.  192.  pp.  403-453,  and  193.  pp.  289-308, 
1899.) — When  final  volume  under  adiabatic  expansion  is  less  than  1*25  times 
the  initial  volume  in  dust-free  air  saturated  with  moisture,  no  precipitation 
takes  place ;  when  it  is  more  there  is  some  precipitation,  with  comparatively 
lew  drops;  beyond  1'88  times  the  precipitation  is  abundant.  Apparently 
between  1*^  and  1'88  the  precipitation  is  on  nuclei  other  than  the  molecules 
of  0»  or  vapour ;  beyond  that  it  is  upon  these  molecules.    Under  Roul^^tv 

attjrthing  beyond  1*25  is  equivalent  to  ordinary  air  at  beyond  VBB,^o  VVi^A. 

nL  2c 
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nuclei  are  formed  under  the  influence  of  these  rays ;  below  1*25,  no  pre- 
cipitation. Water  condenses  much  more  rapidly  on  negative  than  on  positive 
ions.  To  cause  water  to  condense  on  positive  ions  the  ratio  must  be  1'25 
(=  fourfold  saturation)  ;  for  negative-  ions  it  must  be  1'81  (=  nearly  sixfold 
saturation).  Negative  ions  must  therefore'  preponderate  as  condensation 
nuclei,  and  if  they  act  as  such  in  the  atmosphere  a  preponderance  of  negative 
electricity  will  be  carried  down  by  precipitation  to  the  earth's  surface.  There 
is  some  evidence  that  such  ions  are  likely  to  be  present  under  normal  con- 
ditions in  the  atmosphere.  The  limit  of  expansion  at  which  condensation 
takes  place  in  "dust-free"  air,  initially  saturated,  is  identical  with  that  required 
to  make  water  condense  on  ions.  The  number  of  nuclei  is  so  small  as  not  to 
be  inconsistent  with  the  absence  of  sensible  electrical  conductivity  in  air. 
But  the  nuclei  do  not  appear  to  be  ordinary  free  ions,  in  respect  that  an 
electrical  field  does  not  remove  them.  Possibly  the  ionisation  is  developed 
by  the  process  of  producing  the  supersaturation.  [See  also  Abstracts  Nos. 
1038  (1898)  and  662  (1899).]  A.  D. 

1026.  Rontgen-Ray  Photometry.  H.  Boas.  (Deutsch.  Phys.  GeselL, 
Verh.  1.  18.  pp.  242-244,  1899.)^The  intensity  and  quality  of  a  beam  of 
Rontgen  rays  is  defined  by  its  absolute  luminous  effect  as  measured  with  a 
fluorescent  screen  of  definite  quality  at  a  certain  distance  from  the  tube,  and 
by  the  ratio  of  the  penetrating  rays  to  the  absorbed  rays.  If  there  is  a 
proportionality  between  the  rate  of  discharge  of  an  electrified  body  and  the 
fluorescence,  the  ionising  properties  of  the  rays  may  be  used  for  determining 
their  intensity.  The  second  or  "  contrast  effect "  may  be  measured  by  means 
of  a  half -shadow  polariscope,  through  which  two  parts  lof  the  screen  are 
viewed,  one  of  them  illuminated  by  the  rays  direct,  and  the  other  by  rays 
which  have  traversed  a  platinum  plate  of  definite  thickness.  E.  E.  F. 

1027.  Absorption  of  Rontgen  Rays.  E.  A.  "W.  Henley.  (Roy.  Dublin 
Soc,  Proc.  9.  pp.  31-32,  1899.) — Pieces  of  the  substances  under  investigation 
were  cut  in  the  form  of  right-angled  triangular  prisms,  which  were  laid  with 
their  bases  over  a  photographic  plate.  They  yielded  radiographs  of  intensity 
var3ring  according  to  the  thickness,  and  comparisons  with  standard  prisms 
could  thus  be  easily  made.  The  organic  substances  studied  were  frozen  in 
order  to  yield  hard  geometrical  figures. 

The  first  comparison  was  made  between  muscle  and  fat  of  a  sheep.  As 
the  result  of  seventeen  measurements  made  on  different  prints  from  various 
negatives,  the  ratio  of  the  opacities  of  muscle  and  fat  was  found  to  be  2*5  : 1, 
The  next  comparison  was  made  between  bone  and  muscle.  In  the  case  oi 
bone,  variations  occurred  according  as  the  specimen  contained  different 
proportions  of  cancellous  tissue  and  of  compact  tissue.  The  results  given  are 
the  mean  of  all  the  measurements.  The  ratio  of  the  opacity  of  bone  to  that 
of  muscle  was  found  to  be  1*6 : 1,  as  obtained  from  eleven  measurements. 
This  result,  when  combined  with  the  previous  one,  gives  the  ratio  of  the 
opacity  of  bone  to  fat  as  4  : 1.  Hence,  the  numbers  obtained,  as  representing 
the  relative  opacities  of  bone,  muscle,  and  fat,  are  4,  2*5,  and  1.  E.  E.  F. 


i 


1028.  Radio-activity    of    Ultra-violet    Light.      P.    Lenard.      (Ann.    d    ^ 
Physik,  1.  8.  pp.  486-607,  March,  1900.)— Kathode  rays  and  other  kinds  q4 
radiation  have  the  power  of  imparting  electric  conductivity  to  gases,  pro 
ducing  nuclei  of  condensation  in  them  and  converting  oxygen  into  ozon 
The  author  points  out  that  similar  properties  are  possessed  by  altra*viol 
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light.  As  regards  the  formation  of  nuclei,  the  author  has  found,  since  his  first 
experiments  in  1889,  that  the  formation  of  condensation  nuclei  in  steam  is 
not  due  to  ordinary  ultra-violet  rays,  but  to  rays  which  are  completely 
absorbed  by  a  layer  of  air  2  cm.  thick.  Spectroscopic  observations  showed 
the  wave-length  of  these  rays  to  be  shorter  than  those  hitherto  mapped, 
ranging  as  they  do  from  160  to  190  fifi.  The  source  of  radiation  employed 
was  an  induction  coil  provided  with  zinc  or  other  terminals.  Oxygen,  air, 
and  carbonic  acid  were  equally  affected,  but  coal-gas  only  slightly  so,  and 
hydrogen  not  at  all.  This  is  consistent  with  the  fact  that  hydrogen  does  not 
absorb  rays  filtered  through  1  cm.  of  air. 

Electric  discharge  efiFects  are  also  produced  by  these  extreme  ultra-violet 
rays.  This  was  proved  most  strikingly  by  conveying  the  gases  which  had 
been  exposed  to  the  radiation  through  the  space  between  two  concentric 
brass  tubes  forming  a  condenser,  and  noting  their  discharging  efifect.  The 
effect  is  least  in  the  case  of  hydrogen,  and  greatest  in  the  case  of  carbonic 
acid.  The  gas  loses  its  discharging  power  very  shortly  after  the  impact  of 
the  radiation.  The  formation  of  ozone  by  these  rays  is  very  prompt  and 
easily  proved.  It  is  at  once  evident  from  the  strong  smell  of  ozone  in  the 
neighbourhood  of  the  quartz  window.  All  these  effects  arc  intercepted 
byl  a  plate  of  mica,  which  docs  not  allow  rays  of  these  very  short  lengths 
to  pass. 

The  ordinary  sources  of  light  do  not  contain  rays  of  this  description,  but 
the  electric  arc  does.  The  author  is  strongly  of  opinion  that  sunlight 
contains  such  rays.  They  are  absorbed  in  the  higher  regions  of  the  air,  and 
there  they  produce  the  electric  conductivity  noticed  by  Elster  and  Geitel  at 
high  elevations.  E.  E.  F. 

REFERENCES. 

1029.  Refraction  through  a  Prism,  A.  de  Gramont.  (Comptes  Rendus,  130' 
pp.  403-406,  Feb.  13, 1900.) — A  note  accompanied  by  a  graphical  representation  of 
some  of  the  consequences  deduced  from  the  formulae  for  refraction  through  a  prism. 
(Sec  1899,  Abstract  No.  1677.)  J.  J.  S. 

• 

1030.  optical  Constants  of  Telescopes,  H.  Kellner.  (Zeitschr.  Instrumentenk. 
90.  pp.  1-17,  Jan.,  and  pp.  33-46,  Feb.,  1900.)— These  two  papers  deal  with  the 
dzfiferent  methods  used  for  determining  the  magnification  and  the  width  of  field,  both 
real  and  apparent,  in  telescopes.  Besides  describing  the  methods,  their  probable 
errors  are  also  discussed.  J.  B.  H. 

1031.  Intensity  of  Telescopic  Vision.  A.  Gleichen.  (Zeitschr.  Instrumentenk., 
Bcib.  1-  pp.  1-4,  Jan.  1, 1900.) — This  paper  contains  a  new  proof  of  the  fact  that 
ihe  apparent  brightness  of  any  surface  viewed  through  a  telescope  can,  under  the 
most  favourable  conditions,  only  be  equal  to  the  brightness  when  viewed  with  the 
caked  eye,  and  can  never  exceed  it.  J.  B.  H. 

1032.  Siderostat  and  Heliostat.  M.  A.  Cornu.  (Astrophys.  Journ.  11.  pp. 
14^168.  March,  1900.) — ^This  paper  contains  a  mathematical  study  of  the  law  of 
ctrnmal  rotation  of  the  optical  field  of  the  siderostat  and  heliostat.  The  direction  and 
period  of  rotation  and  the  angular  velocity  of  rotation  at  any  time  arc  given,  and 
aldo  the  oooditions  for  a  fixed  optical  field.    The  relative  advantages  of  the  sidero- 

hdJoatat  for  different  astrophysical  purposes  arc  also  considered.      J.  B.  H. 


1088.  Do  ROntgen  Rays  Promote  Cooling  f     A.  Amerio.     (N.  Cimento,  10. 
1899). — ^Mafthemactial  discussion  and  cxoerimcntal  enuuirv  *.   Tesvv\\<. 
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1034.  Specific  Heat  of  Metals,  Alloys,  and  Graphite.  U.  Behn.  (Ann.  d. 
Physik,  1.  2.  pp.  257-269,  Feb.,  1900.)--Thc  specific  heats  measured  were 
those  of  antimony,  tin,  cadmium,  silver,  zinc,  magnesium,  graphite,  brass, 
and  three  tin-lead  alloys.  The  theoretical  conclusions  arrived  at  by  Richarz 
are  in  the  main  confirmed.  Those  metals  which  do  not  obey  the  law  of 
Dulong  and  Petit  show  a  great  variation  of  the  specific  heat  with  the 
temperature,  and  the  cause  of  both  phenomena  must  be  sought  in  the  fact 
that  in  them  the  displacements  of  the  atoms  no  longer  vanish  in  comparison 
with  the  distances  between  them.  This  occurs  when  the  atomic  intervals  are 
small,  and  also  when  the  displacements  are  large.  The  latter  case  will  occur 
where  the  atomic  weight  |is  small,  since  atoms  of  small  weight  must  attain 
greater  velocities,  and  hence  also  greater  elongations.  In  the  diagram  of 
atomic  volumes  in  terms  of  atomic  weights,  the  elements  Li,  K,  Rb,  and  Cs, 
occupy  a  special  position  on  that  account.  E.  E.  F. 

1035.  Thermal  Data  for  Benzene.  K.  Tsuruta.  (Phys.  Rev.  10.  pp.  116- 
122,  Feb.,  1900.) — From  the  curve  best  representing  Young's  calculated  and 
Griffiths  and  Marshall's  measured  values  of  the  latent  heat  of  vaporisation  the 
specific  volumes  of  the  saturated  vapour  are  deduced,  those  of  the  saturated 
liquid  experimentally  found  by  Young  being  assumed  as  correct.  The 
''  law  of  straight  diameter "  is  found  to  hold  satisfactorily,  not  only  from 
80°  C.  to  the  critical  temperature  as  remarked  by  Young,  but  also  from  80°  C. 
down  to  the  triple  point  6*8°  C,  though  close  examination  of  the  results  shows 
this  law  to  be  a  first  approximation  only. 

The  curves   for  the  steam  and  hoar-frost  lines  between  —1°  C.  and  thu  "^ 
triple  point  judged  by  the  author  to  best  represent  the  whole  of  the  expert- 
mental  measurements  hitherto  published  for  benzene  are  then  given,  aod^ 
are  satisfactorily  compared    with    the  approximate    theoretically  deduced 
formula — 

R  log  ipSi)  =  (Fo/T.)  log  (T/To)  ~  i  (c,  -.  c)  log»  (T/T,), 

where  ps  and  pi,  Cs  and  c/  are  respectively  the  saturation  pressures  and  S] 
heats  of  the  solid  and  liquid  phases  in  contact  with  the  vapour  phase  at 
and  Fo  is  the  latent  heat  of  liquefaction  at  the  triple  point  To ;  the  vali 
taken  for  the  constants  being — 

R  =  1-971/78,  Fo  =  30,  To  =  278-3,  c^  =  02082,  q  =  0-8860. 

R.  E. 

1036.  specific  Heats  of  some  Organic  Materials.    G.  Fleury.    (Com| 
Rendus,  130.  p.  487,   Feb.  12,  1900.)— Dry  cellulose  has  the  specific  hi 
0-366 ;    cellulose  containing  7  per  cent,  of  water,  0-41 ;  dry  wool,  0*89 
undried  wool,  with  11  per  cent,  of  water,  0-459  ;  dry  leather,  0*867;  leati 
containing  16  per  cent,  of  water,  0-45.    The  cellulose  used  was  obtained  ft 
Bcrzelius  paper  and  left  no  appreciable  ash.    The  wool  was  woven  and  ^ 
u'ashed  with  ether.    The  leather  consisted  of  chips  of  thipk  ox-hide, « 
tanned,  as  used  for  saddles  ;  it  was  not  ash-free.  T.  I 
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1037.  Determination  of  Melting-Points,  M.  Kuhara  and  M.  Chikashig^. 
(Chem.  News,  80.  pp.  270-271, 1899.)— The  finely  divided  substance  is  placed 
between  the  two  halves  of  a  microscope  cover-slip,  and  is  then  arranged  in  a 
small  holder  of  platinum-foil  and  hung,  together  with  a  thermometer,  in  a  wide 
test-tube.  The  test-tube  is  immersed  nearly  to  its  mouth  in  a  sulphuric  acid 
bath,  which  is  heated  in  the  ordinary  way.  Before 'meltingi occurs,  the  cover- 
glass  appears  opaque,  but  becomes  transparent  at  the  temperature  of  melting, 
which  can  be  very  exactly  determined.  Test  experiments  with  chloral 
hydrate,  urea,  phthalimide  and  phthalic  acid  gave  good  results.  The  melting- 
point  of  the  last-named  substance,  for  which  varying  results  have  been  given 
by  di£Ferent  observers,  is  found  by  this  method  to  be  208°  for  both  the 
crystallised  and  the  powdered  acid.  T.  H.  P. 

1038.  Latent  Heat  of  Vaporisation,  W.  Louguinine.  (Archives  des 
Sciences,  9.  pp.  5-26,  Jan.,  1900.  See  also  Soc.  Fran?.  Phys.,  Bull.  189.  pp. 
1-2, 1899.) — The  author  has  measured  the  specific  heat  and  heat  of  vaporisa- 
tion of  certain  organic  liquids,  by  the  usual  apparatus  for  the  method  of 
mixtnres,  with  certain  modifications  in  detail,  which  are  fully  described.  He 
finds  that  acetonitril,  propionitril,  capronitril,  benzonitril,  pyridine,  piperidine, 
and  acetophenone  follow  Trouton's  law  closely,  giving  for  the  molecular  latent 
heat  -7-  absolute  boiling-point  values  between  19*44  and  20*62.  Metacresol 
gives  22*86,  acetic  acid,  18*74.  From  the  behaviour  of  the  nitrils  the  author 
concludes,  contrary  to  the  opinion  of  Ramsay  and  Shields,  that  they  consist 
of  simple  molecules.  R.  A.  L. 

1039.  Absolute  Mercurial  Thermometry.     S.    A.  Sworn.     (Roy.  Soc, 
Proc.  66.  pp.  86-91,  March  8,  1900.    Note  on  this  paper,    A.  Schuster. 
Roy.  Soc.,  Proc.  66.  pp.  92-94,  March  8,   1900.) — Comparison  of  six  ther- 
mometers is  made  to  study  the  effects  of  capillarity,  and  to  determine  the 
relation  between  the  readings  of  thermometers  of  English  flint  glass  and  the 
hydrogen    scale,    the    latter    being    done    indirectly    by    comparison  with 
thermofneters  of  "  verre  dur,"  and  of  Jena  16™  glass.    It  was  concluded  that 
the  capillary  constant  is  a  constant  not  affected  by  a  change  in  the  rate 
of  rise  in  temperature  ;  also  that  the  conditions  of  pressure  and  tempera- 
ture in  a  h3rpsometer  are  oscillatory,  so  that  all  the  steam  indications  of  a 
tbermometer  are  what  occur  with  a  receding  meniscus ;  and  that  the  flint- 
glass  thermometers  give  indications  which  are  practically  identical  with  those 
of  the  hydrogen  thermometer. 

Sclmster  does  not  think  the  first  two  conclusions  true,  so  that  the  third, 
which  depends  on  Sworn's  method  of  reducing  all  readings  to  those  with  a 
falling  meniscus,  cannot  at  present  be  accepted  as  final.  R.  £.  B. 

lO^O.  Resistance  of  Platinum  and  Temperature.  C.  Raveau.  (Soc. 
Int.  ^lect.,  BuU.  16.  pp.  410-429,  1899.) — This  is  an  address  on  platinum 
thermometry  with  headings :  (1)  Constancy  of  platinum  thermometers  ; 
(2)  Thermometry  of  precision  ;  (8)  Platinum  resistance  at  very  high  and  very 
low  temperatures.  It  contains  a  risume  of  the  work  done  in  this  connection 
by  (fifferent  observers.  R.  £.  B. 

1041.  Automatic  Thermostats  of  Precision,  £.  Bose.  (Zeitschr.  Instru- 
meaMcak.,  Bcib.  19.  pp.  169-171,  20.  pp.  181-188,  21.  pp.  189-191,  1899.>-The 
xHoo  of  a  thermostat  depends  on  variations  not  only  of  temperature  but  also 
td  !■■  ■■HIT  :  for  a  variation  h  of  the  height  of  a  liquid,  of  total  voVume  v« 
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apparent  expansibility  a  and  compressibility  /3,  in  a  fine  tube  of  section  $,  may 
be  produced  either  by  a  change  of  temperature  r  =  hs/va  or  by  a  change  of 
pressure  ir  =  hs/vfi  :  the  equation  therefore  connecting  these  variations,  viz. : — 

r  =  rrPla, 

where  ir  represents  the  variation,  over  which  we  have  no  control,  of  the 
atmospheric  pressure  during  an  experiment,  may  be  taken  as  defining  the 
sensibility  of  the  instrument  which  thus  depends  on  a//3  and  not  on  a  simply. 
Calculations  for  nine  liquids  of  small  specific  heat  show  chloroform  and  OS, 
as  coming  next  in  order  to  Hg,  but  with  only  J  of  its  sensibility,  while 
alcohol  is  at  the  bottom  of  the  list  with  -jV  of  the  sensibility  of  Hg. 

It  is  then  shown  that  it  is  advantageous  to  place  the  regulating  part  of  the 
thermostat  where  the  interchanges  of  heat  are  the  greatest  and  to  cover  the 
remainder  with  felt  or  other  non-conducting  coatings;  also  that  the  flame 
should  not  be  too  large,  and  thereby  cause  quick  heating  and  slow  cooling, 
and  thus  a  maximum  of  variation,  or  too  small,  and  thus  prolong  the  period  of 
variation  ;  and  it  is  finally  pointed  out  that  defective  tightness  of  joints  is 
responsible  for  many  failures  of  thermostats.  R.  £.  B. 

1042.  Adiabatics  of  Crystallisation.  G.  Taxnmann.  (Ann.  d.  Physik,  1.  2. 
pp.  275-289,  Feb.,  1900.) — If  in  a  vessel  containing  a  mixture  of  solid  and 
fused  crystals  in  a  state  of  equilibrium  the  pressure  is  suddenly  changed, 
there  will  be  first  a  fusion  or  crystallisation  at  the  expense  of  the  heat 
furnished  by  the  adiabatic  process.  This  will  be  followed  by  a  further  change 
of  pressure  due  to  the  tendency  of  the  system  to  adapt  itself  to  the  new 
conditions  of  equilibrium.  The  latter  change  of  pressure  depends  upon  the 
efflux  of  heat,  and  must  therefore  proceed  much  more  slowly  than  the 
former,  which  is  solely  determined  by  the  maximum  rate  of  fusion  or  crystal- 
lisation. If  the  change  of  temperature  per  unit  adiabatic  change  of  pressure  is 
greater  than  for  the  crystal,  or  vice  versa,  and  both  are  greater  than  the 
corresponding  change  in  the  melting-point,  a  rapid  increase  of  pressure  will 
be  followed  by  a  rapid  rise  of  temperature  and  rapid  fusion.  The  pressure 
would  then  rise  further,  pass  through  a  maximum,  and  fall  back  to  the 
original  pressure  of  equilibrium  owing  to  the  efflux  of  heat.  There  are  four 
other  possible  cases.  E.  E.  F« 

1043.  Thermokinetic  Properties  of  Solutions.  L.  Natanson.  (Zeitschr. 
Phys.  Chem.  30.  pp.  681-704,  Dec.  80,  1899.  Translated  from  Rozprawy 
Wydz.  M.P.  Akad.  Um.  w.  Krakowie  85.  See  also  Acad.  Sci.  Cracovie,  BulL 
37.  pp.  349-359,  1899.)— As  in  a  former  paper  (see  1899,  Abstract  No.  1824)  the 
author's  '  thermokinetic  principle '  is  applied  to  the  case  of  a  pure  substance 
in  contact  with  a  solution  consisting  of  two  components  on  the  assumptiofi 
that  there  is  no  friction  either  at  the  surface  of  contact  or  within  either  body. 
The  only  irreversible  process  in  the  system  thus  consists  in  the  mutual  diffu* 
sion  of  the  components  of  the  solution.  An  equation  is  first  formed  from 
consideration  of  the  variations  of  the  kinetic  energy  (a  velocity  potential  beii^ 
assumed)  and  free  energy  for  arbitrary  smaU  displacements  of  the  components 
of  the  system  due  to  both  mechanical  and  chemical  causes,  and  also  of  the 
work  done  against  external  pressure  and  possible  gravitative  forces,  and  of 
the  heat  dissipated  by  diffusion  without  alteration  of  temperature,  accoont 
being  taken  of  the  conditions  to  which  the  system  is  subject,  and  48  simpla 
equations  are  deduced  from  it,  one  general  result  of  which  is  that  the  eztermi 
pressures  must  all  be  normal. 
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If  the  pure  substance  is  the  same  as  one  of  the  components  of  the  solution, 
much  simplification  results,  and  the  laws  of  the  possible  thermokinetic 
processes  are  contained  in  the  equation — 

with 

E = -  (9*/a/)  +  i  {o«/9x)' + {d^idYy + owaz)*} 

and  e  is  a-similar  function  of  ^,  /,  x,y,z;  *,  P,  F,  "¥  being  the  velocity-j)otential, 
density,  free  energy  per  unit  mass  and  force-potential  of  the  pure  substance 
at  the  point  (X,  Y,  Z),  and  ^,  p,  f,  tj/,  the  corresponding  magnitudes  for  this 
component  in  the  solution  at  (x,  y,  z),  p  being  the  density  of  the  solution,  and 
r  a  function  depending  on  the  co-efficient  of  diffusion  and  the  relative 
momentum  of  the  other  component  of  the  solution. 

The  equations  are  then  modified  for  the  case  of  a  liquid  A  separated 
from  a  solution  with  A  and  B  as  components  by  a  membrane  imper- 
meable by  B,  and  from  these  it  follows  that  the  pressure  of  the  pure 
liquid  A  is  equal  to  the  partial  pressure  of  A  in  the  solution,  so  that  there  must 
be  an  osmotic  pressure  equal  to  the  partial  pressure  of  B  in  the  solution,  van't 
Hoffs  theory  thus  obtaining  thermodynamical  support.  Further,  every  solu- 
tion with  two  components  {e.g,,  mixtures  of  alcohol  and  water)  may 
theoretically  be  considered  as  having  two  osmotic  pressures.  R.  E.  B. 

1044.  Radiation  oj  Black  Bodies  and  Platinum,      O.  Lummer  and  E. 
Pringsheim.     (Deutsch.  Phys.  Gesell.,  Verh.  1.  12.  pp.  216-230, 1899.>— In 
continuation  of  their  previous  researches  [see  Abstracts  Nos.  761  (1898)  and 
1482  (1899)],  the  authors  further  investigated  the  distribution  of  energy  in  the 
spectrum  of  a  black  body.    One  of  the  series  of  measurements  was  made  with 
the  object  of  extending  the  spectrum  in  the  direction  of  the  longer  waves. 
In  this  case  the  back  wall  of  the  hollow  cylindrical  space  did  not  consist  of  a 
simple  partition,  but  of  a  bundle  of  small  porcelain  tubes.    The  range  of 
temperatures  was  over   1,000?  (621  to  1646),  and  the  wave-lengths  ranged 
from  1,000  to  6,000/i.     Wien's  laws,  according  to  which  the  wave-length  of 
the    maximum  radiation  is  inversely    proportional    to    the    absolute    tem- 
perature, and  the  corresponding  maximum  energy  proportional  to  the  fifth 
power  of  the  absolute  temperature,  were  confirmed.    It  was  also  found  that 
his  formula  for  the  distribution  of  energy  in  the  spectrum 

c 
E  =  CX~^  e~^'' 

renders  the  observations  with  fair  accuracy,  especially  at  the  lower  tempera- 
tures. At  higher  temperatures  certain  systematic  differences  are  observed, 
which  may  or  may  not  be  due  to  imperfections  in  the  apparatus.  In  the  case 
of  bright  platinum  surfaces  the  calculated  energy  coincides  with  the  actual 
energy  at  the  maxima,  but  falls  off  more  rapidly  than  the  latter  at  the  neigh - 
bearing  wave-lengths.  The  maxima  of  the  platinum  curves  advance  with  the 
absolute  temperature  according  to  a  power  somewhat  smaller  than  the  sixth. 

E.  E.  F. 

1046.  Temperatures  of  Incandescent  Solids,  O.  Lummer  and  E.  Pring- 
«h^nu  (Deutsch.  Phys.  Gesell.,  Verh.  1.  12.  pp.  230-285,  1899.)— The  laws 
of  radJatioa  for  bbck  bodies  and  for  bright  platinum  place  at  our  disoo^Y  3l 
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new  means  of  determining  the  temperatures  of  sources  of  light.  The  tem- 
perature of  a  perfectly  black  body  is  given  by  the  wave-length  of  the  maximum 
energy  of  radiation  in  accordance  with  the  equation 

X„T  =  2940. 

If  this  equation  admits  of  extrapolation,  it  can  be  used  for  determining 
the  temperature  of  any  given  black  body.  Further,  we  know  that 
the  radiation  of  any  body  possessing  a  continuous  spectrum  can  be  made 
equal  to  that  of  a  perfectly  black  body  by  enclosing  it  in  a  perfectly  reflecting 
envelope.  If,  therefore,  the  temperature  of  a  luminous  body  is  to  be 
found,  it  should  be  brought  into  the  centre  of  a  good  reflecting  hollow 
sphere  silvered  on  the  inside,  which  allows  the  radiation  to  fall  through  a  small 
opening  on  to  the  slit  of  a  spectrobolometer.  Then  the  wave-length  of  the 
maximum  of  energy  is  determined,  and  the  absolute  temperature  T  is  put 
equal  to  2940/Xin.  In  practice,  the  radiating  surface  will  have  to  be  made 
so  large  that  only  itself,  and  not  a  portion  of  the  reflecting  wall,  contributes  to 
the  beam  measured.  Any  rise  of  temperature  occasioned  by  the  enclosure 
may,  as  a  rule,  be  ascertained  by  some  differential  method.  Since  bright 
platinum  obeys  Wien's  laws  of  radiation  very  closely,  it  is  probable  that  in 
many  cases  the  body  may  not  have  to  be  converted  into  a  "  black  "  one.  For 
bright  platinum,  the  constant  in  the  above  equation  would  be  2680,  and  for 
most  other  bodies  it  would  have  an  intermediate  value.  E.  £.  F. 

1046.  Apparatus  to  show  Boyle's  Law,  W.  J.  Humphreys.  (Phys. 
Rev.  10.  pp.  123-125,  Feb.,  1900.)— The  apparatus  consists  of  a  U-tube,  one 
limb  of  which  is  open,  the  other  closed  above  and  below  by  three-way  glass 
taps.  The  volume  of  air  is  determined  by  weighing  mercury,  and  an  accuracy 
of  1  in  1000  is  obtainable.  R.  A.  L. 

1047.  Molecular  Volumes.  C.  M.  Guldberg.  (Zeitschr.  Phys.  Chem.  82. 
pp.  116-126,  Feb.  6,  1900.  From  the  Festschrift  der  Universitat  Christiania.) 
— The  author  maintains  that  there  exists  a  value  for  the  volume  of  a  substance, 
which  is  independent  both  of  temperature  and  pressure.  It  corresponds  to 
the  smallest  volume  which  a  body  can  occupy,  and  may  be  determined  in  two 
ways.  When  the  pressure  is  gradually  increased,  the  volume  tends  towards 
a  limiting  value  which  is  independent  of  temperature.  When  the  tempera- 
ture approaches  absolute  zero,  the  volume  of  a  body  tends  towards  a  limiting 
value  which  is  independent  of  pressure. 

First  Method. — ^The  characteristic  equation  may  be  written  in  the  form  : 

/>  1 

^T^= X.  when  u  and  x  are    unknown  functions  of    volume  and 

Kl       V  —  u 

temperature.    Assuming    that,  when  p  is  very  large    and    simultaneously 

V  very  nearly  equal  to  «,  x  is  not  large,  the  latter  may  be  neglected  under 

these  conditions  and  we  have  :    -^^  := .     Having  arrived  at  the  conclu- 

RT      V  —  u  ** 

sion  that  u  (the  value  of  v  for  p  =  oo)  is  independent  of  temperature,  the 
author  writes  u  =  vo,  :^=— — —  ,  and  shows  how  limiting  values  may  be 


^1 


calculated  between  which  Vo  must  lie.     In  this  way  limiting  values  of  t^ 
calculated  for  a  number  of  organic  liquids,  from  the  results  of  Amagaffl 
compressibility  measurements  (Annales  de  Chim.  et  de  Phys.  29, 1888). 
Second  Method. — The  author  has  previously  shown  (Christiaiua  Videir 
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skabsselskabs  forhandlinger,  1869)  that  the  thermal  expansion  of  many  liquids 

can  be  expressed  by  a  formula  of  the  type—  =/(r),  where  /  denotes  a  func- 

T 
tion  of  constant  form  and  r  =  t^,  where  Tj  is  a  fixed  temperature  for  each 

it 

body.  If  a  and  ao  denote  the  expansion-coefficients  at  T  and  at  absolute 
zero  respectively,  the  author  finds  that  his  previous  investigations  may  be 

summarised  by  the  empirical  formulae  :    a  =  — zz=: ,  «oT»  =  0*450.  By  defi- 

nition,  -  ^  =  aTj,  hence  log  -p  =  2aoTf(l  —  >/l  —  r).    Now  for  many  liquids 

Tj  =  Ti  (critical  temperature),  so  that  ooTi,  =  0*450.  Thus  from  corresponding 
\'alues  of  a  and  T  we  can  calculate  Vq.  The  author  gives  a  table  of  the  values 
of  Vq  calculated  in  this  way  for  the  liquids  referred  to  above.  The  table  also 
includes  the  values  of  vo  calculated  from  formulae  given  by  de  Heen.  The 
two  sets  agree  very  well,  and  the  values  lie  between  the  limiting  values 
obtained  from  the  compressibilities.  It  is  pointed  out  that  there  are  liquids 
for  which  Tj  is  considerably  greater  than  Ti,  the  value  of  aoTi  being  only 
0'833  in  these  cases.  The  paper  concludes  with  tables  which  contain  the 
critical  temperature,  the  molecular  volume  at  absolute  zero,  and  the  density  at 
the  same  point,  for  a  large  number  of  liquids.  F.  G.  D. 

1048.  Thermal  Conductivity  of  Mixtures,  C.  H.  Lees.  (Phil.  Mag.  49. 
pp.  286-293,  March,  1900.) — Attempts  have  been  made  to  express  the  con- 
ductivity of  a  mixtiure  as  :  (i.)  The  weighted  mean  of  the  conductivities  of  the 
components ;  (ii.)  The  reciprocal  of  the  weighted  mean  of  the  resistivities  of 
the  components.  By  considering  all  the  available  data  the  author  shows  that 
the  latter  formula  is  better  than  the  former,  but  is  far  from  satisfactory. 
Logarithmic  interpolation  gives  slightly  closer  results,  but  is  still  far  from 
good  enough  for  practical  use.  R.  A.  L. 

1049.  Corresponding  States,  K.  Meyer.  (Zeitschr.  Phys.  Chem.  82. 
pp.  1-38,  Feb.  6,  1900.) — This  paper  is  an  extract  from  an  essay  to  which  the 
Danish  Academy  of  Science  awarded  a  gold  medal.  The  authoress  concludes 
that  (1)  the  want  of  correspondence  between  van  der  Waals'  theory  and  the 
results  of  experiment  is  not  due  to  uncertainty  as  to  the  critical  data,  but 
arises  from  inexactness  in  the  theory  itself,  (2)  the  theory  may  perhaps  hold  if, 
in  addition  to  the  pressure,  volume  and  temperature  of  each  substance  being 
measured  in  special  units,  they  are  measured  from  special  zeros;  that  is, 
that  there  may  possibly  be  a  general  characteristic  /  (v,  w,  9)  =  0,  where — 

pc-pJ  Vc-vJ  Tc-To' 

P„  v„  T«  being  special  for  each  substance  (as  are  pc,  Vf,  Tc)  and  not  necessarily 
being  0  as  taken  by  van  der  Waals. 

On  van  der  Waals'  theory  we  may  take  as  units  of  pressure,  density  and 
temperature,  their  values  at  any  other  corresponding  points  than  the  critical 
pcnnts,  since  pip'  =  (Pipe)  -r-  {P  Ipc),  -  -  •  and  p'ipc,  .  .  .  are  constant  for  corre- 
sponding points.  In  testing  the  theory,  therefore,  the  uncertain  critical  points 
replaced  by  the  corresponding  points  for  which  the  density  of  the 
vapour  is  1  per  cent,  of  that  of  the  saturated  liquid,  these  being 
for  20  substances,  though  of  course  with  some  uncertainty,  by 
from    the    experimental    results   given    by   Young  atid  Yiv& 
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SOUND. 

1061.  Velocity  oj  Sound,  A.  W.  Witkowski.  (Acad.  Sci.  Cracovie, 
BuD.  16.  pp.  188-167,  18W.) — Experiments  made  with  compressed  air  by 
Kundt's  method  at  various  temperatures  and  pressures  show  that  the  velocity 
of  sound  varies  with  the  pressure,  the  variation  being  greatest  at  the  lowest 
temperatures.  At  zero  the  velocity  slowly  rises  with  the  pressure,  being 
about  10  per  cent  higher  at  100  atmospheres  than  at  1  atmosphere.  At  100° 
the  velocity  remains  nearly  the  same  at  all  pressures,  while  at  — 180°  it  rapidly 
falls  with  increasing  pressure.  E.  E.  F. 

1052.  Effects  of  Sound.  F.  Larroque.  (Comptes  Rendus,  180.  pp. 
859-860,  Feb.  6,  1900.) — To  measure  comparative  sound  intensities  the  author 
uses  an  electromagnetic  transmitter  and  receiver,  the  latter  containing  a  core 
of  iron  filings.  The  sound  is  reduced  to  silence  by  suitably  withdrawing  a 
portion  of  the  core,  and  the  silencing  points  of  two  sounds  are  compared. 
The  author  studies  the  effects  of  sound  and  music  upon  the  circulation. 

E.  E.  F. 

1053.  Mechanism  of  Hearing.  F.  Larroque.  (Comptes  Rendus,  180.  pp. 
119-120,  Jan.  15,  1900.) — The  author  studies  the  action  upon  the  ear  of  sounds 
produced  by  the  bowing  of  a  string  stretched  by  a  vessel  containing  water, 
which  slowly  flows  away  and  thus  releases  the  tension  very  gradually.  He 
finds  that  when  the  sound  is  conveyed  to  the  two  ears  through  hearing-tubes, 
two  distinct  impressions  are  created,  and  there  is  no  interference  whatever  by 
the  phase  of  the  two  sound-waves.  This  shows  that  the  auditory  apparatus 
of  any  one  ear  acts  independently  of  the  other.  The  author  discovered  a 
peculiar  break  of  continuity  in  his  right  ear,  amounting  to  W  of  ^  semi- 
tone between  mis  and  faj.  He  thinks  that  some  of  the  Corti  fibres  have  been 
accidentally  broken,  and  looks  forward  to  a  future  microscopic  verification 
of  his  supposition.  E.  E.  F. 

1054.  Movements  of  Expired  Air  during  Speech.  E.  Gell6.  (Comptes 
Rendus,  180.  pp.  358-359,  Feb.  6, 1900.)— Detailed  study  of  the  dififerent  vowels 
and  consonants,  and  the  qorresponding  currents  and  counter-currents  of  air. 
It  is  concluded  that  the  intrabuccal  column  of  air  is  not  inert  and  that  the 
buccal  cavity  does  not  act  as  a  resonator  as  it  is  usually  said  to  do.  It  is  the 
air  itself  which,  by  its  alternate  condensations  and  dilatations  which  result 
from  the  action  between  the  currents,  produces  the  sub-vowels  along  with 
the  laryngeal  sound.  A.  D. 
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ELECTRICITY. 

1056.  Electric  Units,  J.  A.  Fleming.  (Electrician,  44.  pp.  824-826, 
Dec.  29,  1899;  pp.  866-868,  Jan.  6,  and  ^)2-404,  Jan.  12,  1900.)— The 
author  endeavours  to  formulate  proposals  for  the  revision  of  the  electrical 
units  so  as  to  make  them  more  clear  and  rational,  and  at  the  same  time 
produce  as  little  practical  disturbance  as  possible  in  the  way  of  altering  exist- 
ing instruments.  He  is  generally  guided  by  the  principles  of  Heaviside, 
whose  ideal  system  he  approximates  to  as  closely  as  possible.  He  points  out 
that  the  power  under  which  4w  enters  as  the  multiplying  factor  to  convert 
Heaviside  reckoning  into  B.A.  reckoning  is  in  every  case,  except  that  of 
magnetic  force  and  magnetic  pole-strength,  the  same  as  the  power  under 
which  the  dimension  of  magnetic  permeability  makes  its  appearance  in  the 
dimensional  expression.  This  remarkable  fact  supplies  at  once  the  clue  to  a 
modification  of  a  suggestion  made  by  Fessenden  that  the  rationalisation  of 
our  present  units  can  be  effected  by  changing  the  unit  in  which  we  reckon 
magnetic  permeability.  If  the  magnetic  permeability  of  ether  is  taken  to  be 
4iw  units  instead  of  unity,  we  rationalise  at  one  stroke  all  our  present  units 
except  the  units  of  magnetic  force  and  pole-strength.  The  author  proposes 
the  following  modified  system  of  units :  "  (i.)  Let  the  permeability  of  the 
ether  or  air  be  considered  to  be  4^  units  absolutely,  and  not  units  as  in  the 
present  system,  (ii.)  Let  the  unit  magnetic  pole  be  l/4ir  times  the  present 
c.g.s.  pole.  This  disturbs  no  one,  because  no  practical  electrician  ever 
requires  to  measure  a  pole-strength  in  absolute  measure,  (iii.)  Let  the  unit 
of  magnetic  force  be  the  dekampere-turn  per  centimetre  =  10  ampere  turns 
per  centimetre  ^  49r  times  the  present  c.g.s.  unit,  (iv.)  Let  the  unit  of 
electric  current  be  the  present  dekampere,  and  let  it  be  called  the  ampere,  or 
the  new  ampere,  (v.)  Let  the  unit  of  electric  quantity  be  the  present  deka- 
coulomb,  and  be  called  the  coulomb,  (vi.)  Let  the  unit  of  electric  resistance 
be  the  present  deciohm,  «■  O'l  ohm,  and  let  it  be  called  the  ohm.  (vii.)  Let 
the  unit  of  inductance  be  the  present  deci-henry,  and  let  it  be  called  the 
henry,  (viii.)  Let  the  unit  of  magnetic  flux  be  the  present  c.g.s.  unit  or 
"  one  line  of  force  "  as  at  present  used.  (ix.)  Let  the  unit  of  electromotive 
force  be  the  present  volt,  (x.)  Let  the  unit  of  magnetic  potential  difference 
or  magnetomotive  force  be  the  present  dekampere-turn  or  10  present  ampere 
turns,  (xi.)  The  unit  of  power  will  then  be  10  of  the  present  watts  and  the 
unit  of  energy  10  of  the  present  joules,  (xii.)  The  unit  of  capacity  will  then 
be  the  present  dekafarad  (10  farads),  and  will  be  too  large  for  practical  use ; 
but  a  fraction  of  it  will  have,  as  at  present,  to  be  employed,  say  one  ten- 
millionth." 

The  above  system  of  units  is  a  rational  system.  In  equations  for 
expressing  the  relations  of  these  units  4ir  appears  only  in  its  proper  place,  and 
the  present  practical  system  of  electrical  and  magnetic  measurement  is  not  to 
any  sensible  extent  disturbed. 

The  author  further  points  out  that  probably  all  electric  and  magnetic 
phenomena  can  be  simply  described  and  discussed  in  terms  of  ten  specific       i 
and  integral  quantities.  | 

"  Of  the  ten  specific  quantities,  five  are  magnetic  and  five  electric.     The 
gaussivity  (magaetic  force),  in  consequence  of  the  permeability  or  suscepti- 
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bility  of  the  material  or  medium,  produces  in  it  flux  or  magnetisation. 
Magnetisation  can  only  occur  in  ferromagnetic  matter  ;  flux  can  occur  in  any 
substance,  or  even  in  free  ether.  The  voltivity  (electric  force),  in  consequence 
of  permittivity  (specific  inductive  capacity)  or  conductivity  of  the  material  or 
medium,  produces  in  it  displacement  or  conduction.  Conduction  can  only 
occur  in  certain  materials  (metals,  electrolytes,  &c.) ;  displacement  can  occur 
in  any  substance,  or  even  in  free  ether."  E.  E.  F. 

1056.  Electric  Units,  R.  A.  Fessenden.  (Elect.  World  and  Engineer, 
as.  pp.  282-284,  Feb.  24,  1900.)— The  author  discusses  the  desirability  of  a 
change  in  the  existing  units,  and  while  considering  those  proposed  by 
Fleming  (see  preceding  Abstract)  a%  very  convenient  and  simple,  would 
prefer  to  have  absolute  rather  than  "  practical "  units,  and  would  distinguish 
electrostatic  from  electromagnetic  units  by  the  prefixes  sta  and  ma.  To  go 
ahead  with  the  present  absolute  and  practical  units  would  mean  a  loss  of  time 
of  about  three-quarters  of  a  year  for  every  electrical  engineering  graduate, 
and  the  perpetual  annoyance  of  a  complicated,  irrational,  and  vexatious 
system  of  reckoning.    (See  also  1900,  Abstract  No.  643).  E.  E.  F. 

1057.  Transformations  of  Conducting  Networks,  J.  Herzog  and  C.  P. 
Feldmann.  (Elektrotechn.  Ztschr.  21.  pp.  167-171,  March  1,  1900.)— The 
problem  of  current  distribution  in  a  conducting  network  when  treated 
analytically  leads  to  a  system  of  linear  equations.  The  solution  may  frequently 
be  simplified  by  effecting  various  transformations  which  reduce  the  number 
of  conductors  in  the  network.  The  author  considers  the  following  trans- 
formations :  (1)  The  replacement  of  a  number  of  impedances  joined  in 
series  by  a  single  impedance  ;  (2)  the  replacement  of  a  number  of  parallel 
impedances  by  a  single  impedance ;  (8)  the  replacement  by  a  single  im- 
pedance of  a  system  of  two  conductors  which  are  bridged  over  by  others  at 
certain  intervals ;  (4)  the  replacement  of  a  star  by  a  A»  and  vice  versa. 
Examples  are  given  to  illustrate  the  usefulness  of  these  transformations. 

A.  H. 

1058.  Application  of  Graphical  Methods  to  Long  Transmission  Lines,  F. 
Breisig.  (Elektrotechn.  Ztschr.  21.  pp.  87-92,  Jan.  26, 1900.)— The  author  first 
explains  an  approximate  graphical  method  of  dealing  with  the  problem  of  the 
transmission  of  an  alternating  current  along  a  line  possessing  resistance, 
inductance,  and  capacity.  The  approximation  consists  in  supposing  the 
capacity  concentrated  at  equidistant  points  of  the  line  instead  of  uniformly 
distributed  as  is  actually  the  case.  Assuming  that  the  potential  and  current 
at  one  of  the  points  in  the  line  to  which  a  capacity  is  attached  are  known,  we 
draw  two  vectors  to  represent  these  quantities  in  magnitude  and  phase.  In 
proceeding  along  the  line,  the  drop  of  potential  along  the  section  of  the  line 
between  the  starting-point  and  the  next  point  to  which  a  capacity  is  attached 
is  given  by  the  product  of  the  current  and  impedance  of  that  section.  Sub- 
tracting this  drop  vectorially  from  the  given  potential  vector,  we  get  a  new 
vector  corresponding  to  the  potential  of  the  next  point  where  a  capacity  is 
attached  to  the  line.  At  this  point  a  known  condenser  current  (determined 
by  the  known  capacity  and  the  new  value  of  the  potential  just  found)  leaves 
the  line.  On  subtracting  this  vectorially  from  the  given  current  vector,  we 
obtatn  a  new  current  vector  which  gives  the  current  in  the  succeeding  section 
of  the  line.  By  proceeding  in  this  manner  we  obtain  a  number  oi  poV^iA\?\ 
fsuH  current  vectors  corresponding  to  various  points  along  tV\c  Wne.    TVis^ 
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author  remarks  that  this  method,  besides  not  being  strictly  accurate,  is 
laborious,  and  he  next  proceeds  to  consider  the  accurate  graphical  solution  of 
the  problem  ;  this,  however,  involves  certain  results  of  analysis.  The  loci  of 
the  extremities  of  the  potential  and  current  vectors  are  represented  by  spirals. 
In  the  concluding  part  of  the  paper  the  author  describes  a  model  by  means 
of  which  the  propagation  of  current  along  a  line  may  be  ingeniously  exhibited. 
The  model  consists  of  a  series  of  eccentrically  mounted  discs,  the  amount  of 
eccentricity  of  any  disc  depending  on  the  current  amplitude  at  the  corre- 
sponding point  of  the  line,  and  the  angle  of  advance  of  each  elementary 
eccentric  corresponding  to  the  phase  of  the  current.  The  discs  are  suffi- 
ciently numerous  to  present  a  practically  continuous  surface.  Their  shadow 
is  projected  on  a  screen,  and  when  the  discs  are  rotated  the  varying  outline 
of  their  shadow  shows  the  manner  in  which  the  current  changes  along  the 
line  both  as  regards  amplitude  and  phase.  The  zero  line  is  given  by  two 
concentrically  mounted  discs  at  the  en(ls  of  the  shaft  carrying  the  discs. 

A.  H. 

1069.  Energy  of  Electric  Currents.  ^  A.  P6rot.  (6cl.  Electr.  22.  pp.  6-18, 
Jan.  6,  1900),  also  A.  Poller  (6cl.  Electr.  22.  pp.  81-83,  Jan.  20, 1900.)— In 
the  first  article  Perot  aims  at  reducing  to  a  minimum  the  number  of  experi- 
mental laws  which  must  be  regarded  as  indispensable  to  the  establishment  of 
the  known  laws  of  ctflrrents.  Reversing  the  usual  order  of  procedure,  he 
starts  from  the  laws  of  the  induction  of  electromotive  forces  and  hence 
deduces  an  expression  for  the  potential  energy  of  a  current  system.  From 
this  he  deduces  the  laws  of  the  production  of  magnetism  by  currents,  and 
also  the  law  of  Biot  and  Savart  relating  to  the  mechanical  force  or  con- 
ductors conve3ring  a  current  in  a  magnetic  field.  The  modifications  caused 
by  variable  permeability  and  magnetic  hysteresis  are  considered.  The  second 
article,  by  Potier,  criticises  Perot's  expression  for  the  potential  energy  and 
gives  reasons  showing  that  it  is  not  sufficiently  general.  W.  E.  S. 

1060.  Diurnal  Variation  of  Atmospheric  Electricity,  A.  B.  Chauveau. 
(Journ.  de  Physique,  8.  pp.  699-608,  1899.) — Although  thirty  different  theories 
of  atmospheric  electricity  have  been  proposed,  the  number  of  well-ascertained 
facts  concerning  it  is  exceedingly  small.  What  the  old  physicists  called  the 
"  soft  electricity  of  fine  weather  "  is  now  recognised  as  the  most  important 
factor  in  the  phenomena.  It  is  generally  known  that  the  earth's  surface  has 
a  permanent  negative  charge,  and  the  upper  regions  of  the  atmosphere  a 
permanent  positive  charge,  but  the  distribution  of  potential  below  an  altitude 
of  1,000  m.  is  as  yet  very  obscure.  The  author  then  describes  the  maxima 
and  minima  referred  to  in  Abstract  No.  70  (1899).  Tropical  stations,  such 
as  Batavia,  hardly  show  the  night  minimum  at  all.  The  author,  while 
pointing  out  the  double  oscillation,  attributes  the  irregularities  to  the  influence 
of  the  moisture  of  the  soil.  E.  E.  F, 

}  1061.  Diurnal  Variation  of  Atmospheric  Electricity,     A.  B.  Chauveau. 

(Soc.  Frang.  Phys.,  Seances,  3.  pp.  91-99,  1889.) — After  discussing  the  maxima 
and  minima  referi'ed  to  in  Abstract  No.  70  (1899),  the  author  passes  on  to 
the  analysis  of  two  groups  of  observations,  taken  at  Batavia.  In  the  first 
group  the  collector  was  2  m.  above  ground  and  near  trees ;  in  the  second, 
8  m.  above  ground  and  remote  from  trees  and  buildings.  This  second  group 
shows  the  summer  type.  The  material  from  polar  regions  is  scanty. 
^Uminating  the  disturbed  days  from  Lemstrom's  observations  in  Finland 
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(lat.  68^  and  from  S.  A.  Andree's  at  Cape  Thordsen  (Spitzbergen,  lat.  78°), 
Chaaveau  arrives  at  mean  annual  diurnal  variations  of  the  winter  type.  In 
the  first  Batavia  group,  at  the  College  de  France  (Mascart),  and  at  Greenwich, 
the  collectors  arc  not  well  placed ;  the  summer  oscillation  is  simple,  but 
differs  from  the  winter  type  in  so  far  that  the  maximum  occurs  at  night-time, 
the  minimum  during  the  day.  The  author  concludes  that  some  disturbing 
influence  of  the  earth  which  is  strongest  during  summer  (chiefly  negatively 
charged  water  vapour,  probably)  complicates  the  diurnal  variations  of  the 
electric  potential  which  would  otherwise  be  characterised  by  a  simple  oscil- 
lalton  with  a  high  day  value  and  a  marked  minimum  between  8.80  and 
4.80  a.m.    Winter  observations  on  the  Eiffel  Tower  are  highly  desirable. 

H.  B. 

1062.  New  Powder  Mixture  for  Lichtenberg  Figures,  K.  Biirker.  (Ann.  d. 
Ph3rsik,  1.  8.  pp.  474-482,  March,  1900.) — Instead  of  using  a  mixture  of 
minium  and  sulphur,  the  author  mixes  1  part  by  volume  of  carmine,  3 
of  lycopodium,  and  6  of  flowers  of  sulphur.  The  carmine  and  sulphur  are 
first  thoroughly  mixed  and  the  lycopodium  is  added  last.  The  figures  are 
reversed  in'  colour  with  respect  to  the  ordinary  Lichtenberg  figures,  as  the 
polarity  of  the  sulphur  is  reversed  in  the  combination.  The  figures  obtained 
are  of  striking  beauty.  The  circles  have  centres  and  outer  halves  of  the 
opposite  colour.  E.  E.  F. 

1063.  Wavy  Spark  Discharge.  E.  Ruhmer.  (Elektrotechn.  Ztschr.  21. 
pp.  152-154,  Feb.  22, 1900.) — ^There  are  two  distinct  forms  of  discharge  which 
arc  obtained  by  using  a  Wehnelt  interrupter  and  a  spark-gap  between  a  point 
and  a  disc.  At  large  distances  apart  single  strong  sparks  cross  the  gap,  while 
at  short  distances  a  curved  flame  crosses  from  the  point  to  the  disc.  The 
author  describes  a  peculiar  form  of  discharge  which  occurs  at  intermediate 
distances.  It  consists  of  a  large  number  of  thin  spark  lines  branching  out 
from  the  point  and  extending  towards  the  disc  like  a  brush.  Every  one  of 
the  lines  has  a  sinusoidal  wave  shape,  due  in  reality  to  a  spiral  form  of  the 
spark-path.  When  the  sparks  are  successively  photographed  by  a  muto- 
graph  it  is  seen  that  they  are  very  similar  in  outline,  but  that  they  are  suc- 
cessively displaced  with  respect  to  each  other  in  the  direction  of  the  disc. 
The  author  does  not  give  a  theory  of  the  phenomenon,  beyond  discarding  the 
suggestion  of  a  magnetic  influence  and  vaguely  hinting  at  an  attraction  and 
repulsion  of  two  simultaneous  sparks  owing  to  differences  of  phase.  The 
di^lacement  towards  the  disc  is,  however,  explained  by  the  "  electric  wind  " 
bkrwing  from  the  point,  which  displaces  the  spiral  chains  of  temporarily 
conducting  dust  and  air  particles  towards  the  disc.  The  displacement  is  at 
the  rate  of  about  1  m.  per  second.  E.  E.  F. 

1064.  Wehnelt  Interrupter.  G.  Pacher.  (N.  Cimento,  10.  pp.  444-447, 
1809  ;  DagU  Atti  del  R.  Inst.  Veneto,  58.  2.  pp.  777-785,  1898-1899.)— The 
author  describes  various  experiments  made  with  a  Wehnelt  interrupter  fed 
by  a  strong  current  Tesla  and  Hertz  phenomena  are  obtained  in  great 
intensity.  An  interesting  experiment  is  described  in  connection  with 
Vicentiiii's  liquid  coherer.  A  few  drops  of  mercury  are  introduced  into  a 
narrow  tube,  and  turpentine  is  added  to  fill  it  up.  The  mixture  is  heated 
mtfl  tiie  mercury  is  broken  up  into  minute  drops.  On  placing  the  tube  into 
the  local  fine  ci  the  receiving  mirror,  a  single  spark  from  the  osc\\\^\.ot 

to  make  the  mercury  coalesce  into  a  few  large  drops.        ¥..¥«.¥ 


392  SCIENCE  ABSTRACTS. 

1066.  Analysis  of  Condenser  Discharges.  F.  Richarz  and  W.  Zlegler. 
(Ann.  d.  Physik,  1.  8.  pp.  468-478,  March,  1900.}— The  authors  noUced  a 
peculiar  appearance  in  the  curves  obtained  onanalysing  a  number  of  successive 
condenser  discharges  by  means  of  a  Braun  kathode-ray  tube  and  a  revolving 
mirror.     The  appearance  is  that  of    an  unsymmetrical   herring-bone  (see 


\\ 


TT7 


fig.  1),  each  discharge  being  represented  by  two  ribs,  an  upper  and  a  lower 
one.  The  introduction  of  a  high  inductance  proved  that  this  is  due  to  the 
superior  intensity  of  the  turning-poiDts  (see  fig.  3),  which  coale^e  into  two 
convergent  luminous  lines.  The  centre  line  is  the  track  of  the  fluorescent 
spot  on  the  screen.  E.  E.  F. 

1066.  Constitution  of  the  Eleclric  Spark.  A.  Schuster  and  G.Hemsalech. 
(Roy.  Soc.,  Phil.  Trans.  198.  pp.  189-218,  1899.)— Some  of  the  results  of  this 
investigation  were  announced  in  Abstract  No.  1877  (1B99).  The  present 
fuller  account  contains  very  interesting  descriptions  of  the  methods  and 
apparatus  used  for  photographing  sparks  and  spark  spectra  on  a  rapidly 
moving  film,  and  of  the  manner  in  which  the  results  are  interpreted  ;  repro- 
ductions of  the  photographs  are  also  given.  The  authors  do  not  claim  great 
accuracy  for  their  estimates  of  molecular  velocities,  but  are  able  to  state 
generally  that  metals  of  light  atomic  weight,  like  aluminium  and  magnesium, 
are  projected  from  the  poles  with  greater  velocities  than  heavier  ones,  such 
as  zinc,  cadmium,  and  mercury.  The  results  for  bismuth  are  not  easily 
explained,  except  by  assuming  the  presence  of  different  kinds  of  molecules 
having  different  masses,  the  lighter  ones  diffusing  more  quickly.  The  method 
used  is  likely  to  prove  of  extreme  value  in  separating  the  effects  of  different 
molecules. 

When  two  lines  of  a  metal  are  of  unequal  Intensity  it  is  not  always  due  to 
the  fact  that  at  any  period  of  the  discharge  the  vibrations  which  appear  the 
strongest  are  really  the  most  intense.  Our  eye  or  the  photographic  lilm  only 
perceives  the  total  energy  sent  out,  and  the  time  of  luminosity  is  in  many 
cases  very  different  for  different  lines.  A  vibration  which  is  weak,  but 
persists,  may  appear  stronger  than  one  of  greater  intensity  which  only  appears 
for  a  very  short  time. 

When  a  coil  of  wire  of  sufficient  self-induction  is  introduced  into  the  ', 
spark -circuit,  the  air-Iines  completely  disappear.  The  explanation  appears 
to  be  that  the  air-lines  arc  produced  entirely  by  the  first  initial  discharge, 
when  the  spark-gap  contains  no  metallic  vapour.  The  subsequent  oscillations, 
on  the  contrary,  pass  through  the  metal  vapour,  which  meanwhile  has  had 
time  to  diffuse  away  from  the  electrodes.  By  inserting  the  coil,  the  initii 
discharge  takes  place  more  slowly  and  apparently  does  not  heat  up  the  Ju 
5ujficient]y  to  yield  the  line  spectrum.  The  duration  of  the  spark  is  cor 
lerabJy  lengthened,  and  the  discharge  may  pass  through  the  metal  ti^ioi 
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which  after  a  few  millionths  of  a  second  fills  the  whole  spark-gap.  This 
method  of  removing  the  air-lines  may  prove  very  useful,  as  they  are  often 
trooblesome  in  the  investigation  of  spark-spectra. 

Finally,  the  appearance  of  calcium  lines  in  the  photograph  of  the  spectrum 
of  fairly  pure  silver  has  shown  the  existence  of  a  new  type  of  spectroscopic 
lines,  namely,  one  that  starts  in  the  centre  of  the  spark  and  is  propagated 
towards  the  poles.  D.  E.  J. 

1067.  Electric  Discharge,  P.  Villard.  (Comptes  Rendus,  180.  pp.  126- 
127,  Jan.  15, 1900.) — A  flame  placed  in  an  electric  field  acts  as  a  bundle  of 
Rdntgen  rays  would  do,  cutting  the  lines  of  force,  and  the  gases  produced  by 
the  combustion  are  active  like  Rontgenised  air.  In  the  absence  of  an  electric 
field  the  flame  is  inactive  and  the  gaseous  products,  transported  into  an 
electric  field,  produce  no  discharge.  It  is  as  if  in  ordinary  air  the  incandescent 
particles  gave  out  kathode  rays,  while  in  a  field  they  gave  out  Rontgen  rays ; 
or  rather  analogues  to  these.  This  would  explain  flame  discharges,  discharges 
by  incandescent  bodies  and  phosphorus,  the  peculiar  radiations  given  out  by 
electric  sparks,  especially  from  the  kathode  end  of  the  spark,  discharge  by 
ultra-violet  light,  the  Edison  effect  (current  between  the  positive  end  of  the 
filament  of  a  glow-lamp  and  an  electrode  fused  into  the  lamp),  the  production 
of  ozone  by  flames,  incandescent  bodies,  the  electric  arc  and  sparks,  and  by 
the  oxidation  of  phosphorus  in  the  cold,  and  the  production  of  ozone  by 
radium.  A.  D. 

1068.  Electric  Discharge  in  Large  Quantity,  J,  Trowbridge.  (Elect. 
Rev.  X.Y.  36.  p.  6,  Jan.  3,  1900.) — This  short  note  accompanies  two  photo- 
graphs of  electric  discharges  ol  very  large  quantities.  One  hundred  and  fifty 
plate-glass  condensers,  18"  x  W  x  J"  thick  are  arranged  in  multiple  and 
charged  to  20,000  volts  by  means  of  10,000  Plante  cells.  One  photograph 
represents  the  deflagration  of  6  inches  of  No.  80  iron  wire  and  the  other  the 
deflagration  of  a  similar  piece  of  wire  arranged  as  a  shunt  to  a  spark-gap.  A 
spark  occurs  at  the  spark-gap  simultaneously  with  the  deflagration  of  the 
wire. 

The  author  therefore  concludes  that  a  spark  might  occur  inside  a  metallic 
cage  when  large  quantities  are  in  question.  A  cage  would  not,  therefore, 
in  all  cases  completely  protect  a  powder  magazine  against  lightning. 

J.  B.  H. 

1060.  Striated  Electrical  Discharge.  J.  H.  Jeans.  (Phil.  Mag.  49.  pp. 
245-202,  March,  1900.) — This  paper,  which  forms  an  important  contribution 
to  ionic  theory,  is  a  sequel  to  one  by  Professor  J.  J.  Thomson  on  the  "  Theory 
oi  Conduction  of  Electricity  through  Gases  by  Charged  Ions"  (see  1899, 
Abstract  No.  1156).  The  solution  obtained  by  Thomson  for  the  discharge  in 
rarefied  gases  between  electrodes  does  not  account  for  the  striations ;  the 
present  paper  contains  a  mathematical  investigation  of  Thomson's  equations 
and  conditions  to  see  whether  a  periodic  solution  does  not  exist,  which  will 
satisfy  the  conditions  of  the  luminous  striated  discharge. 

The  equations  do  not  lend  themselves  to  definite  solution,  and  in  the 
paper  they  are  treated  graphically,  the  different  families  of  curves  which 
satisfy  them  being  drawn.  The  various  physical  conditions  at  the  electrodes 
aod  throughout  the  tube  are  satisfied  by  one  set  of  these  curves  which  are 
of  a  periodic  nature  and,  under  certain  assumptions  which  the  author  justifies^ 
all  the  known  conditions  of  striated  di.schari£e.  A.  B.  W.. 
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1070.  Minimum  Sparking  Potential  for  Various  Gases,  R.  J.  Strutt. 
(Roy.  Soc,  Phil.  Trans.  198.  pp.  877-804,  Jan.  9,  1900.)—This  paper  deals 
with  experiments  undertaken  to  test  the  sparking  potential  in  various  gases 
at  various  pressures,  between  large  parallel  planes  at  a  fixed  distance  apart. 
It  was  previously  found  by  Peace  that  the  sparking  potential  between  two 
parallel  plates  in  air  diminished  as  the  pressure  diminished  till  a  certain 
point  is  reached,  and  then  began  to  rise  rapidly.  The  pressure  at  which  the 
sparking  potential  was  a  minimum  depended  on  the  distance  between  the 
plates,  and  increased  as  this  distance  was  lessened.  The  minimum  potential 
itself,  however,  varied  very  little  with  the  distance  between  the  plates.  This 
minimum  potential,  as  pointed  by  J.  J.  Thomson,  was  of  the  same  order  as 
the  kathode  fall  of  potential.  In  the  experiments  here  described  a  Wimshurst 
machine  was  used  as  the  generator  of  the  required  potential  difference.  Its 
terminals  were  connected  to  those  of  a  fluid  high-resistance  column  of 
variable  length."  This  admitted  of  easy  adjustment  of  the  potential  to  the 
required  nicety.  To  insure  electrical  steadiness  a  Leyden  jar  was  also 
connected  across  the  terminals  of  the  machine.  In  series  with  the  jar  and 
the  spark-gap  was  placed  a  telephone.  The  telephone  indicated  by  a 
click  the  passage  of  a  spark,  the  voltmeter  being  simultaneously  read.  A 
gas  is  found  able  to  sustain  for  a  short  time  a  potential  difference  about 
three  times  as  great  as  that  required  to  produce  discharge  through  it  when 
this  initial  resistance  has  been  broken  down.  This  second  lower  value  was 
always  recorded  as  it  was  desired  to  compare  the  minimum  potential  with 
measurements  of  the  kathode  fall,  in  which  a  continuous  current  was  passing 
through  the  gas.  The  paper  gives  curves  and  tables  for  several  gases  and 
describes  the  elaborate  precautions  taken  to  insure  their  purity.  The 
following  are  values  of  the  minimum  potentials  found  :  Air,  841  volts ; 
hydrogen,  802  to  308  volts ;  nitrogen,  251  volts ;  helium,  261  volts.  The 
experiments  are  held  to  establish  the  equality  of  the  minimum  spark 
potential  and  the  kathode  fall.  E.  H.  B. 

1071.  Potential  Gradient  in  Rarefied  Gases.  G.  C.  Schmidt.  (Deutsch. 
Phys.  Gesell.,  Verh.  1.  16.  pp.  265-268,  1899.) — Measurements  were  made  of 
the  potential  gradient  in  the  positive  light  and  near  the  kathode,  of  the 
potential  gradient  in  dark  discharges,  and  the  variation  of  the  total  potential 
difference  with  the  temperature.  The  current  was  furnished  by  a  battery  of 
1,000  accumulators,  and  platinum  probes  were  inserted  into  the  vacuum  tube 
at  short  distances.  It  was  found  that  as  the  temperature  rises  the  positive 
light  becomes  stratified,  the  stratifications  becoming  brighter  and  less  defined 
as  the  current  strength  is  increased.  At  the  same  time  the  positive  light 
withdraws  towards  the  anode,  so  that  eventually  the  discharge  becomes 
altogether  dark.  On  introducing  a  spark-gap  in  the  circuit,  the  tube  lights 
up  again,  thus  showing  that  the  gas  has  not  lost  its  power  of  luminosity,  but 
that  the  discharge  has  assumed  another  form.  The  glow-light  also  ex- 
periences striking  changes.  When  the  kathode  is  heated,  the  glow-light 
extends,  and  the  more  so  the  smaller  the  pressure.  The  potential  gradient  in 
the  unstratified  positive  light  is  independent  of  the  temperature,  and  so  is 
the  gradient  near  the  kathode.  In  the  dark  discharge  the  gradient  increases 
with  increasing  current  strength,  and  also  with  increasing  temperature,  t£ 
the  density  of  the  gas  remains  constant.  But  if  the  pressure  remains  * 
constant,  it  decreases  with  the  temperature.  With  increasing  temperature, 
the  total  potential  difference  decreases  at  first  slowly,  and  then  more  rapidly^    I 

attains  a  /n/'/j/mum,  and  then  rises  ajgain.         •      -  E.  E.  F; 


ELECTRICITY.  395 

1072.  Are  Rarefied  Gases  Electrolytes  f  E.  Bouty.  (Journ.  de  Ph3rsiqae, 
9.  pp.  10-17,  Jan.,  1900.) — ^J.  J.  Thomson's  researches  indicate  that  gases 
under  a  pressure  of  0*005  mm.  may  behave  as  electrolytes.  But  all  known 
electrolytes  obey  Faraday's  law  and  3rield  at  the  electrodes  products  of 
decomposition  proportional  in  quantity  to  the  quantity  of  electricity  passing 
between  the  electrodes.  Now  £.  Wiedemann  has  studied  from  this  point  of 
view  gaseous  hydrochloric  acid,  and  the  vapours  of  the  chloride,  bromide, 
and  iodide  of  mercury.  He  only  found,  especially  with  the  last  three, 
insignificant  quantities  of  products  of  decomposition,  amounting  to  8  or 
4  per  cent,  of  what  would  be  required  by  Farada/s  law.  Furthermore, 
the  products  of  decomposition  presented  themselves  almost  indifferently  at 
both  electrodes.  Their  presence  can  be  sufficiently  explained  by  secondary 
reactions  {e.g.f  thermal  actions)  and  Wiedemann  concludes  that  a  rarefied  gas 
cannot  be  regarded  as  a  true  electrolyte.  From  his  own  experiments  (see 
1899,  Abstract  No.  1898)  the  author  comes  to  a  similar  conclusion.  He  finds 
that  the  apparent  conductivity  of  a  rarefied  gas  is  essentially  connected  with 
its  luminescence  :  the  gas  luminesces  wherever  it  permits  electricity  to  pass. 
The  apparent  conductivity  is  directly  connected  with  a  phenomenon  of  a 
brusque  and  violent  nature  which  follows  the  phenomena  of  dielectric 
equilibrium  abruptly,  as  the  rupture  of  a  stretched  wire  follows  its 
elastic  equilibrium  when  the  stretching  force  exceeds  a  certain  hmit.  The 
ether  in  a  perfect  vacuum  possesses  perfect  dielectric  elasticity :  wc  cannot 
break  down  its  dielectric  cohesion.  But  gaseous  molecules  introduce  weak 
points  into  it,  and  when  they  are  present  the  dielectric  cohesion  becomes 
measurable,  D.  E.  J. 

1073.  Potential  Gradient  in  Gaseous  Mixtures.  W.  Heuse.  (Deutsch. 
Phys.  Gescll.,  Verb.  1.  16.  pp.  269-271,  1899.) — Minute  quantities  of  mercury 
vapour  in  hydrogen  are  easily  discovered  by  means  of  sj>cctrum  analysis,  but 
it  is  very  difficult  to  discover  traces  of  hydrogen  in  mercury  vapour  by  the 
same  means.  Similarly,  small  traces  of  hydrogen  or  nitrogen  are  easily  dis- 
covered in  helium,  but  not  the  reverse.  These  facts  lead  to  the  question  as 
to  how  the  constituents  of  a  gaseous  mixture  are  concerned  in  the  conduction 
of  a  current.  The  author  has  therefore  studied  the  potential  gradient  in  the 
unstiatified  positive  glow-light  in  (1)  nitrogen,  (2)  mercury  vapour,  (8)  a 
mixture  of  both.  In  nitrogen,  the  potential  gradient  maintains  the  same 
value  of  about  37  at  all  temperatures  between  20°  and  200°.  In  mercury 
\'apour,  the  gradient  slowly  rises  with  the  temperature,  but  not  in  proportion 
to  the  pressure  of  the  vapour.  In  a  mixture  of  nitrogen  and  mercury  which 
is  heated  up  from  18°  to  200°,  the  potential  gradient  falls  at  first,  reaches 
a  minimum  of  27*3  volts  at  91°,  and  after  that  it  increases  at  the  higher 
temperatures  to  a  value  some  10  volts  greater  than  that  due  to  the  two 
constituents  taken  singly.  £.  £.  F. 

1074.  Repulsion  of  Vacuum-Tube  Electrodes.  F.  Neesen.  (Deutsch. 
Phys.  GcseU.,  Verb.  1. 14.  p.  258,  1899.)— This  is  a  reply  to  Ebert's  criticism 
Of  the  author's  explanation.  (See  1900,  Abstract  No.  115.)  The  attraction 
produced  by  the  ascent  of  a  hot  stream  of  gas  between  the  plates  does  not 
enter  into  consideration  in  the  case  of  a  vacuum  tube,  as  the  pressure  on  the 
outside  of  the  plates  would  be  negligible.  As  regards  the  second  objection 
to  the  author's  explanation,  the  author  does  not  acknowledge  that  heating 

ily  alters  the  fall  of  potential  between  the  electrodes.    He  SLdVier^s 
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1076.  Velocity  of  Kathode  Rays  and  Electrolytic  Conductivity  of  Gases.  A. 
Battelli  and  A.  Stefanini.  (N.  Cimento.  10.  pp.  824-887,  1899.)— The 
velocity  of  kathode  rays  is  in  any  event  far  less  than  that  of  light ;  and  it 
varies  with  the  rarefaction  of  the  gas.  There  is  some  reason  for  believing 
that  the  phenomenon  is  the  summation  of  molecular  displacements  and 
etheral  phenomena,  either  undulatory  or  translatory,  along  with  chemical 
changes  resulting  in  the  production  of  ions  whose  velocities  depend  on  the 
rarefaction  of  the  gas  and  on  the  potentials  at  the  electrodes.  There  appear 
to  be  no  free  ions  in  rarefied  gas  under  normal  conditions ;  but  ionisation  is 
caused  by  the  presence  of  a  sufficient  difference  of  potential.  A.  D. 

1076.  Energy  Expended  in  Oscillating  Discharges  in  Vacuum  Tubes.  G. 
Telesca.  (N.  Cimento,  10.  pp.  420-431,  1899.)— The  ratio  between  the 
quantity  of  heat  developed  in  the  ordinary  spark  and  that  developed  in  the 
vacuum  tube,  other  conditions  being  the  same,  increases  with  the  rarefaction, 
with  the  explosive  distance,  with  the  period  of  oscillation  and  with  the 
damping.  The  ratio  between  the  amount  of  heat  developed  in  the  tube 
and  that  in  the  metallic  circuit  decreases  as  the  same  data  increase.  The 
ratio  between  the  heat  in  the  spark  and  that  in  the  metallic  circuit 
diminishes  with  increase  in  the  rarefaction,  in  the  capacity,  in  the  damping, 
and  in  the  period  of  oscillation,  but  increases  with  the  explosive  distance 
and  with  the  self-induction.  A.  D. 

1077.  Velocity  of  Electric  Waves  in  Air  and  along  Wires,  C.  Gutton. 
(Soc.  Int.  Elect.,  Bull.  16.  pp.  811-815,  1899.)— A  linear  Hertz  oscillator  is 
placed  in  the  focal  line  of  a  parabolic  mirror  facing  a  similar  mirror  provided 
with  a  resonator.  From  the  latter,  two  parallel  wires  proceed  to  a  Branly 
coherer  which  is  also  connected  to  the  oscillator  by  another  pair  of  wires : 
the  latter  are  longer  than  the  first  pair  and  their  length  can  be  varied.  The 
distance  between  the  focal  lines  of  the  mirror  is  5*4  metres.  The  wires  from 
the  oscillator  are  crossed  and  their  length  is  adjusted  so  that  no  effect  is 
produced  on  the  Branly  tube.  The  mirrors  are  now  brought  4  metres 
nearer  each  other,  and  the  velocities  in  air  and  along  the  wire  are  compared  by 
finding  what  length  has  to  be  added  to  the  pair  of  wires  proceeding  from  the 
resonator  to  the  tube  in  order  to  compensate  for  the  shortening  of  the 
distance  traversed  in  air.  It  is  found  that  no  effect  is  produced  on  the 
Branly  tube  when  the  increase  of  length  is  4  metres.  Thus  the  velocities  in 
air  and  along  wires  are  equal. 

The  method  can  be  used  for  comparing  the  velocity  in  air  with  that  in  a 
given  dielectric  by  introducing  a  plate  of  the  latter  between  the  mirrors. 
(See  also  1899,  Abstract  No.  1498.)  D.  E.  J. 

1078.  Hertz  Wavc-Rcccivcr.  F.  J.  Jervis-Smith.  (Nature,  60.  p.  486, 
1899.) — In  the  suspended  system  of  a  d* Arson val  galvanometer  of  500  ohms 
resistance,  a  small  projecting  Branly  receiver  is  introduced.  The  galvano- 
meter is  connected  in  series  with  a  resistance  of  16,000  ohms  and  a  single 
dry  cell.  On  receipt  of  electric  waves  the  Branly  receiver  becomes  con- 
ducting and  the  galvanometer  deflection  indicates  the  fact.  At  the  same 
time  decoherence  is  automatically  caused  by  a  projectmg  knob  on  the  centre 
of  an  elastic  disc  kept  vibrating  by  a  jet  of  water.  The  coherer  is  brought 
up  against  this  knob  at  each  deflection  so  that  coherence  is  immediately 
followed  by  decoherence.  The  author  found  that  less  than  jV  of  a  miUiampere 

sufficient  to  give  a  deflection.  E.  H.  B 


j 
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1079.  Flames  Containing  Salt  Vapours.  H.  A.  Wilson.  (Roy.  Soc.j 
Phil.  Trans.  192.  pp.  499-628,  1899.  See  also  1899,  Abstract  No.  1722.)— 
Conductivity  of  flames  is  similar  to  that  of  Rontgenised  gas  (Roy.  Soc,  Proc. 
64.  p.  142).  The  saturation  value  of  the  current  as  the  E.M.F.  is  increased 
depends  on  the  temperatures  of  the  electrodes,  and  not  on  the  motion  of  the 
flame-gases.  The  current  is  always  greater  when  the  hotter  electrode  is 
negative  than  when  it  is  positive.  When  both  electrodes  are  at  a  bright  red 
heat,  the  upper  electrode  being  positive,  the  fall  of  potential  is  very  similar 
to  that  observed  in  gases  at  low  pressures  ;  a  rapid  fall  of  potential  near  each 
electrode  and  an  approximately  uniform  small  potential  gradient  in  the  inter- 
vening space.  When  the  upper  electrode  is  negative,  nearly  all  the  fall  of 
potential  occurs  near  this  electrode.  When  the  two  electrodes  are  both 
kept  hot,  the  saturation  current  is  independent  of  the  distance  between  the 
electrodes,  whereas  if  the  salt  vapour  were  ionised  throughout  the  flame  the 
current  should  have  increased  with  the  distance  between  the  electrodes. 
There  is  a  small  amount  of  such  ionisation  throughout  the  flame,  but  this  is 
only  a  small  fraction  of  that  observed  when  the  electrodes  are  both  hot 
enough  to  glow  :  and  unless  the  salt  vapour  actually  comes  in  contact  with 
the  glowing  electrodes,  the  conductivity  of  the  flame  is  not  affected  by  its 
presence.  The  ionisation  of  the  salt  vapour  occurs  almost  wholly  at  the 
surfaces  of  the  glowing  electrodes.  When  a  hot  air  stream  was  substituted 
for  the  flame,  the  current  was  zero  up  to  about  25  volts  for  1  cm.  distance, 
after  which  it  increased  uniformly  with  the  P.D.  The  necessary  P.D.  increased 
more  rapidly  than  the  distance,  except  when  this  was  less  than  about  1*6  cm. : 
and  for  small  variations  the  necessary  P.D.  varied  directly  as  the  velocity  of 
the  air-blast.  Increasing  the  temperature  increased  the  amount  of  current 
obtained,  and  diminished  slightly  the  least  necessary  P.D.,  and  also  diminished 
the  least  distance  at  which  satisfactory  results  could  be  obtained.  The 
velocities  of  negative  ions  were  26  cm./sec.  for  1  volt/cm.,  of  positive  ions 
of  salts  of  Li,  Na,  K,  Rb,  and  Cs  7*2,  and  of  positive  ions  of  salts  of  Ba,  Sr, 
and  Ca  3*8.  The  velocities  in  hot  air  are  much  smaller  than  those  in  the 
flame,  about  one-fortieth,  the  respective  temperatures  being  about  1,000°  and 
2,00(f .  The  velocity  of  negative  ions  in  the  flame,  1,000  cm./sec,  is  of  the 
::ame  order  of  magnitude  as  the  theoretical  velocity  of  an  ion  consisting  of 
one  atom.  That  other  velocities  are  less  than  this  shows  that  the  ions  consist 
of  clusters  of  atoms  (assuming  that  they  carry  the  same  charge  as  the  ions  in 
electrolysis  of  solutions),  which  clusters  are  larger  in  positively  than  in 
negatively  charged  ions.  The  size  of  the  cluster  of  atoms  forming  a  gaseous 
ion  depends,  at  a  given  temperature,  only  on  the  charge  on  the  ion.  Those 
ions  which  have  equal  charges  also  have  equal  velocities  in  the  same  medium. 
Under  the  slope  of  potential  at  the  surface  of  the  electrodes  the  negative 
ions,  having  higher  velocities,  are  more  easily  dragged  away  than  the  positive 
:ons ;  so  that  unless  the  slope  of  potential  is  great  enough,  a  given  slope  of 
potential  at  the  electrode  will  cause  a  greater  current  when  the  electrode  is 
negatively  than  when  it  is  positively  charged.  If  one  electrode  be  hot,  the 
'jther  cool,  there  will  be  only  one  kind  of  ion  between  the  electrodes :  this 
^ill  diminish  the  potential  slope  near  the  hot  electrode,  and  vice  versa.  If 
both  be  hot,  the  positive  ions  travelling  more  slowly  accumulate  in  the  gas 
and  a£Fect  the  fall  of  potential,  which  becomes  more  rapid  at  the  negative  than 
at  the  positive  electrode,  with  the  consequence  that  the  more  mobile  negative 
may  mainly  carry  on  the  current,  but  the  current  carried  by  the  positive 
continiies  to  increase  nearly  uniformly  with  the  E.M.F.    li  tVie  pos\\!\\^ 
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electrode ;  the  negative  ions  are  dragged  out,  and  so  far  as  the  negative  ions 
are  concerned  the  current  attains  its  saturation  value ;  but  the  current  will 
be  much  smaller  than  when  the  negative  electrode  is  hot.  There  is  a 
very  close  analogy  between  the  conductivity  of  salt  vapours  in  flames 
and  the  conductivity  of  gases  at  low  pressures.  In  both  cases  there 
is  a  greater  fall  of  potential  near  the  negative  than  near  the  positive  elec- 
trode, with  a  small  slope  of  potential  in  the  intermediate  space ;  and  probably 
the  peculiar  form  of  the  fall  of  potential  in  gases  at  low  pressures  is  due,  like 
that  in  the  flame,  to  a  great  difference  between  the  velocities  of  the  positive 
and  negative  ions.  A.  D. 

1080.  Deformation  of  Polarised  Dielectrics,  P.  Duhem.  (Journ.  de 
Physique,  9.  pp.  28-80,  Jan.,  1900.)— In  1892  the  author  showed  how  the 
principle  of  virtual  velocities  should  be  applied  to  polarised  dielectrics  or 
magnetic  media.  The  method  used  appears  to  be  valid,  but  unfortunately 
an  error  slipped  into  the  calculations  :  in  estimating  the  virtual  variation  of 
the  dielectric  or  magnetic  potential  a  quantity  was  neglected  as  being  in- 
finitely small  and  of  the  second  order,  whereas  it  was  really  of  the  first  order. 
On  account  of  this  error  the  conditions  of  equilibrium  given  for  different 
points  of  the  limiting  surface  of  a  polarised  medium  were  incorrect,  but  the 
conditions  within  the  interior  of  the  magnetic  or  dielectric  mass  were  correct. 
The  error  was  pointed  out  by  Lienard,  who  evaluated  the  neglected  term  and 
gave  a  correct  theory  of  the  pressure  within  polarised  media.  This  theory 
shows  one  remarkable  peculiarity.  In  order  to  maintain  a  polarised  fluid  in 
equilibrium  it  is  necessary  to  apply  to  each  element  of  its  limiting  surface 
a  pressure  whose  direction  is  normal  to  the  element,  but  whose  magnitude 
depends  on  the  orientation  of  the  element.  The  magnitude  at  any  point  is 
27r€M-cos*  (M,  N),  £  being  the  constant  of  Coulomb's  laws  and  M  the  intensity 
of  polarisation.  When  the  body  is  polarised  so  feebly  that  we  can  neglect  its 
potential  on  itself  this  pressure  introduced  by  Lienard  becomes  proportional 
to  the  square  of  the  intensity  of  the  field  and  to  the  square  of  the  coefficient  of 
polarisation  of  the  body.  All  the  other  terms  for  the  pressures  produced  by 
polarisation  are  proportional  to  the  square  of  the  intensity  of  the  field  and 
to  the  first  power  of  the  coefficient  of  polarisation.  The  terms  introduced  by 
Lienard  may  therefore  be  neglected  in  the  case  of  feebly  dielectric  or  mag- 
netic bodies  :  for  such  bodies  the  theory  given  by  Duhem  holds  good.  On 
the  other  hand  the  complementary  term  becomes  very  important  in  the  case 
of  strongly  magnetic  bodies,  such  as  soft  iron.  D.  E.  J. 

1081.  Comparing  Self -inductances,  H.  V.  Carpenter.  (Phys.  Rev.  10. 
pp.  62-62,  Jan.,  1900.) — The  two  coils  whose  self-inductances  are  to  be 
compared  are  connected  in  parallel,  and  in  series  with  one  of  them  is  a 
non-inductive  resistance.  Apply  to  their  common  terminals  a  harmonic 
potential  difference.  The  currents  in  the  two  coils  will  be  in  phase  if  the 
time  constants  of  the  two  branches  thus  formed  are  the  same.  This  can 
be  attained  by  varying  the  non-inductive  resistance,  which  is  obviously  pat 
in  series  with  the  coil  of  greater  time  constant.  The  ratio  between  the  self- 
inductances  of  the  coils  will  be  equal  to  the  ratio  between  the  resistance  o£ 
the  two  branches  when  the  currents  are  in  phase. 

The  paper  describes  two  methods  of  determining  when  the  currents  ia 
the  two  branches  are  in  phase,  one  method  by  means  of  a  telephone  in  sem 
ith  two  coils  which  act  as  secondaries  to  the  coils  to  be  comparedy  tiiM 
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secondary  coils  being  connected  so  that  their  induced  E.M.F.'s  are  in  opposi- 
tion. In  the  second  method  the  telephone  is  replaced  by  a  modification  of 
the  Siemens  dynamometer.  £.  C.  R. 

1082.  Measurements  on  the  Microphone.  J.  Cauro.  (Soc.  Franc.  Phys., 
Seances,  8  pp.  112-115, 1809.) — When  a  sound  wave  strikes  the  microphone 
the  current  i  becomes  i'  =  i(l  -f  a  +  /3),  where  a  is  a  continuous  variation 
and  /3  is  an  alternating  variation  having  the  same  period  as  the  sound.  The 
effective  fraction  of  the  alternating  variation  of  the  primary  current  is 
independent  of  that  current  and  is  less  than  i,  M.  O'G. 

1083.  Influence  of  the  Dielectric  upon  Resistance,  E.  Drago.  (N.  Cimento, 
10.  pp.  447-460,  1899 ;  Atti  Ace.  Gioenia  di  Catania,  vol.  12,  ser.  4.)— German- 
silver  wire  was  tested  for  the  alleged  influence  of  the  dielectric  upon  the 
resistance  described  by  Sanford  in  1892  (see  Fhys.  Soc.  Abstracts,  No.  84, 
1896).  The  dielectric  used  was  petroleum.  No  such  effect  as  alleged  was 
observed,  and  the  author  concludes  that  it  does  not  exist,  or  is  too  small  to  be 
detected.  E.  E.  F. 

1084.  specific  Resistance  of  Nickel.  J.  A.  Fleming.  (Roy.  Soc,  Proc. 
66.  pp.  50-68,  March  8,  1900.) — Mathiessen's  determinations  of  the  specific 
resbtances  of  various  metals  made  in  1860  to  1866  are  usually  shown  to  be 
correct  within  very  narrow  limits  by  more  recent  experiments.  For  nickel 
his  value  of  12,820  c.g.s.  units  at  0°  C.  is  usually  assumed.  Recently  the 
author  has  made  a  special  investigation  of  the  specific  resistance  at  tempera- 
tures ranging  from  — 182°  to  +  95°  C.  of  a  nickel  wire  250  cm.  long  and 
002567  cm.  in  diameter  prepared  electrolytically  from  a  purified  solution 
of  nickelous  chloride  and  annealed  in  hydrogen.  The  results  are  tabulated 
and  plotted  as  a  curve  which  tends  as  usual  to  pass  through  zero  at  the 
absolute  zero  of  temperature.  The  specific  resistance  thus  determined  is 
only  6,985  c.g.s.  units  at  (f  C,  and  the  mean  temperature  variation  is  0*00618. 
between  0°  C.  and  100°  C.  The  discrepancy  is  probably  due  to  some  impurity 
in  Mathiessen's  specimens.  L.  B. 

1085.  Electrical  Resistance  between  Opposite  Edges  of  a  Symmetrical  Quadri- 
lateral Sheet,  C.  H.  Lees.  (Manchester  Lit.  and  Phil.  Soc.,  Mem.  44. 
L  pp.  1-8,  1899-1900.) — By  means  of  a  transformation  theorem  given  by 
Maxwell  the  author  transforms  the  stream  and  equipotential  lines  of  the 
quadrilateral  sheet  in  question  to  those  of  an  equivalent  square,  whence  the 
resistance  required  immediately  follows.  E.  H.  B. 

1086.  Polarisation  and  Resistance  of  the  Copper  Voltameter,  B.  E.  Moore. 
(Phys.  Rev.  10.  pp.  84-61,  Jan.,  1900.) — The  author  describes  various  experi- 
ments with  the  copper  voltameter,  showing  the  change  of  polarisation  with 
time,  using  both  closed  and  open  circuits.  Measurements  of  the  polarisation 
arc  given  for  times  varying  from  0*00006  to  0'045  second  after  the  removal 
of  the  polarising  E.M.F.,  the  copper  sulphate  solution  being  kept  at  a  constant 
density  (l'ld95).  The  results  of  the  experiments,  which  are  given  graphically, 
indicate  that  the  current  first  produces  a  change  at  the  surfaces  of  contact 
of  the  solution  and  the  electrodes,  the  amount  of  this  change  increasing,  and 
thicker  layers  of  the  solution  being  affected  as  time  goes  on.  The  diffusion 
wfaich  takes  place  in  the  liquid  opposes  the  increase  of  polarisation,  -^r 


400  SCIENCE  ABSTRACTS. 

affected  by  the  concentration  changes  is  consequently  small  in  width,  the 
polarisation  decreases  very  rapidly;  for  stronger  currents,  with  which  the 
changes  in  concentration  of  the  solution  spread  farther  from  the  electrodes 
the  polarisation  diminishes  less  in  a  small  interval,  and  the  values  obtained 
for  the  true  resistance  correspond  more  nearly  with  the  values  obtained  when 
alternating  currents  are  employed.  T.  H.  P. 

1087.  Electrolytic  Interrupter  for  Feeble  Currents,  A.  v.  Rzewuski.  (Ann. 
d.  Physik,  1.  8.  pp.  614-616,  March,  1900.) — If  it  is  the  oxygen  accumulating 
at  the  anode  which  prevents  the  electrolytic  interrupter  from  working  with 
weak  currents,  any  process  which  counteracts  that  accumulation  must  lower 
the  minimum  of  E.M.F.  required.  A  violent  motion  of  the  active  electrode 
efiFects  this.  But  better  results  are  obtained  by  directing  a  current  or  jet 
of  dilute  acid  against  the  electrode,  the  necessary  pressure  being  obtained 
by  raising  the  reservoir  about  a  yard  above  the  interrupter.  With  such  an 
arrangement  24  volts  suffice  to  obtain  a  uniformly  interrupted  current  of 
great  steadiness.  When  the  pressure  of  the  acid  is  too  high  the  current 
becomes  continuous.  An  incidental  advantage  is  that  the  current  of  acid 
keeps  the  apparatus  cool.  E.  E.  F. 

1088.  Durable  Wehnelt  Interrupter,  R.  H.  Cunningham.  (Elect.  Rev. 
N.Y.  p.  7,  Jan.  8, 1900.)— The  brass  rod  bearing  the  platinum  anode  is  encased 
in  hard  rubber  tipped  with  a  lava  bushing.  The  kathode  consists  of  a  coil 
of  lead  tubing  through  which  cold  water  is  circulated.  E.  E.  F. 

1089.  Comparison  of  Different  Forms  of  Wehnelt  Interrupter,  A.  Tur- 
pain.  (Comptes  Rendus,  180.  pp.  409-412,  Feb.  12,  1900.)— Foucaulfs 
interrupter  and  various  forms  of  Wehnelt  interrupter  are  considered.  The 
Wehnelt  form  with  a  long  wire  of  platinum  renders  the  interruptions 
irregular,  and  the  interrupter  is  not  durable.  The  modifications  of  the 
Wehnelt  interrupter  described  by  Caldwell  and  Simon  are  next  mentioned 
(See  Elec.  Rev.  N.Y.  84.  p.  811, 1899  ;  and  S.  A.  1899,  Abstracts  Nos.  1918  and 
1919).  By  arranging  three  vessels  of  unequal  size  one  inside  the  other, 
pierced  with  holes,  excepting  the  exterior  vessel,  and  containing  each  an 
electrode  formed  of  a  sheet  of  lead,  an  interrupter  is  obtained  which  can  work 
with  variable  potential  differences.  The  experimental  facts  observed  show 
clearly  that  electrolysis  plays  no  part  in  the  working  of  the  interrupter  with 
platinum  wire,  or  of  that  with  holes  pierced  through  a  test  tube. 

The  author  concludes  that  from  the  point  of  view  of  durability  and 
economy  the  Wehnelt  interrupter  with  orifices  (like  that  described  by  Simon» 
see  1899,  Abstract  No.  1919)  is  to  be  preferred  to  that  with  platinum  wire.  ^ 
Both  are  preferable  to  that  of  Foucault,  both  from  the  above  point  of  view, 
and  from  those  of  convenience  and  rapidity.  As  to  regularity  and  power 
within  the  limits  of  speed  between  which  it  works,  the  interrupter  of 
Foucault  does  not  yield  to  that  of  Wehnelt.  It  allows,  moreover,  of  the 
variation  at  will  of  the  number  of  interruptions  per  second.  ].  ].  S. 

J 

1090.  Inversion  of  the  Hepta-  and  Hexa-hydrates  of  Zinc  Sulphate  in  the     j 
Clark  Cell.    H.  T.  Barnes.    Qourn.  Phys.  Chem.  4.  pp.  1-20,  Jan.,  1900.)^     ^ 
The  conversion  of  ZnS04 . 7 H,0  into  ZnS04 .  6H,0  +  HfO,  which  takes  place  at 
89°,  leads  to  a  break  in  the  curve  representing  the  variation  of  the  E.M.F.  of  a 
park  cell  with  temperature  (Callendar  and  Barnes,  Proc.  Roy.  See.  62. 10D 

J^fTJ.     Using  the  B.O.T.  "  Crystal "  cell,  it  was  found  that  the  hezahydral 
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crystals  did  not  persist  in  a  metastable  condition  below  80°,  whereas  in  the 
old  form  of  cell  with  an  excess  of  solution  and  few  crystals  the  hexahydrate 
could  be  preserved  as  low  as  (f,  leading  of  course  to  abnormal  values  for  the 
ELM.F.  of  a  cell  which  had  been  heated  above  40° ;  the  reverse  change  of  the 
heptahydrate  to  hexahydrate  occurred  at  about  42°.  The  heptahydrate 
branch  of  the  curve,  which  has  been  traced  up  to  42°,  is  represented  for  a 
mean  temperature  of  39°  by  the  formula — 

E,  —  E»  =  — 1-635  (/  —  89)  —  0-0140  (/  —  39)», 

whilst  the  hexahydrate  branch,  which  has  been  traced  down  to  80°,  is 
represented  by — 

E,—  E»=  — 1-000  (/  -  89)  —  0007  (/  —  89)»  ; 

the  exact  point  of  intersection  of  the  two  E.M.F.  curves  is  88'78°.  The  tran- 
sition point  of  zinc  sulphate,  as  determined  from  the  intersection  of  the 
solubility  curves  of  the  two  hydrates  is  nearly  a  degree  higher,  viz.,  39-.96° ; 
the  difference  is  probably  due  to  the  lowering  of  the  transition-point  of  the 
zinc  sulphate  by  the  mercurous  sulphate  present  in  the  Clark  cell. 

Above  86°  the  Clark  cell  appears  to  undergo  a  secondary  change,  causing 
the  E.M.F.  to  fall  off  more  rapidly  than  at  lower  temperatures.  In  preparing 
the  zinc  sulphate  for  the  "  Crystal "  cell,  it  has  been  noticed  that  if  the 
saturated  solution  be  treated  with  mercurous  sulphate  above  85°  a  yellow 
turbidity  appears  on  cooling,  which  does  not  appear  if  the  temperature  does 
not  rise  above  30^ ;  this  observation  is  probably  associated  with  the  more 
rapid  falling  off  in  the  E.M.F.  of  the  cell  at  these  temperatures. 

[C/.  Jaeger,  Wied.  Ann.  63.  p.  354,  1897 ;  Abstract  No.  811  (1898).] 

T.  M.  L. 

1091.  EM,F.  of  Clark  and  Weston  Cells.  W.  Marek.  (Ann.  d.  Physik, 
1.  3.  pp.  617-620,  March,  1900.)— This  is  a  set  of  tables  of  the  E.M.F.  of 
Clark  cells  at  temperatures  ranging  from  0°  to  80°,  and  of  Weston  cells 
between  0°  and  10°  calculated  from  the  formulae  supplied  by  the  researches 
of  the  Physikalisch-Technische  Reichsanstalt.  E.  E.  F. 

1092.  Voltaic  Cells  with  Compound  Electrodes.    F.   S.   Spiers.    (Elect. 

Rev.  45.  pp.  911-912,  Dec.  8,  and  p.  953,  Dec.  15,  1899.)— If  a  cell  has  one 

plate  of  brass  and  the  other  of  zinc  with  a  plate  of  steel  in  contact  with  the 

latter  t>eneath  the  electrolyte,  the  E.M.F.  varies  with  the  position  of  the  zinc 

and  steel  plates  relatively  to  the  brass.     For  example,  when  the  steel  faces 

the  brass  the  E.M.F.  is  0*6  volt,  but  when  the  zinc  faces  the  brass  the  E.M.F. 

i^  (y9.    The  same  effect  is  seen  when  a  copper-plated  iron  rod,  from  which 

aome  of  the  copper  is  removed,  is  opposed  to  a  copper  plate.    When  only  a 

very  small  piece  of  the  iron  is  exposed  the  E.M.F.  is  the  same  whether  the 

spot  of  iron  is  facing  the  copper  plate  or  is  turned  away  from  it ;  but  if  a 

considerable  length  of  the  rod  on  one  side  is  exposed,  the  E.M.F.  differs  in 

these  two  positions.    The  author  attributes  this  phenomenon  to  the  presence 

of  local  currents  between  the  two  parts  of  the  compound  electrode.    The 

work  done  on  a  unit  of  electricity  in  moving  it  from  one  pole  to  the  other 

depends  upon  the  E.M.F.  of  the  couple  increased  or  diminished  by  drop  of 

potential  along  the  stream  line  of  local  current  which  is  chosen  as  the 

path,  and  the  E.M.F.  therefore  depends  upon  the  relative  positions  of  the 

plates.    The  explanation  is  confirmed  by  measurements  of  P.D.  between  the 

ccMBpound  electrode  and  various  points  on  a  stream  line.    The  author  ^tvaW^ 
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1093.  Alternating  Current  Diagrams.  R.  A.  Philip.  (Elect.  World  and 
Engineer,  84.  pp.  970-972,  Dec.  28,  1899.)— The  actual  circuit  is  represented 
by  a  conventional  diagram  called  the  circuit  diagram,  which  differs  from  the 
usual  conventional  picture  of  the  circuit  in  that  the  latter  shpws  the  mechanical 
relations  of  the  parts  of  the  circuit  to  each  other  and  to  other  related  objects, 
while  the  former  is  concerned  with  the  electrical  connections  only.  The 
essential  features  of  this  diagram  are  that  it  shall  show  every  junction-point 
and  every  branch. 

Difference  of  potential  has  only  two  qualities,  amplitude  and  phase,  and 
these  may  be  represented  by  a  length  and  an  angular  direction  respectively. 
In  order  that  this  representation  may  be  definite  in  a  given  diagram,  it  is 
necessary  to  assume  some  length  as  a  unit  of  potential  measurement,  and 
some  direction  as  a  basis  of  phase  angle  displacement  Absolute  potential  is 
the  difference  of  potential  between  a  given  point  and  the  zero  point.  There- 
fore, when  any  one  point  of  a  diagram  is  assumed  to  represent  a  given 
absolute  potential,  each  other  point  will  also  represent  a  definite  absolute 
potential. 

In  constructing  a  potential  diagram  for  a  circuit  from  the  circuit  diagram 


nc  3 


the  above  three  assumptions  may  be  made  as  follows :  (1)  Assume  that  the 
potential  of  some  junction  point  A  (fig.  1)  is  represented  by  a  point  A'  of  the 
diagram,  fig.  2.  (2)  Assume  that  the  phase  of  the  difference  of  potential  in 
some  branch  a  radiating  from  A  is  represented  by  the  direction  of  a  line  of 
through  A'.  (3)  Assume  that  the  ampUtude  of  the  difference  of  potential  in 
the  branch  a  is  equal  to  the  length  of  the  line  a'.  The  potential  of  eadi 
junction  point  now  corresponds  to  a  definite  point  of  the  diagram,  and  it  is 
only  necessary  to  mark  these  points  in  order  to  represent  the  junction  point 
potentials  ;  these  points  may  be  styled  junction  points  of  the  potential 
diagram. 

Comparing  the  potential  diagram  with  the  circuit  diagram  :  (1)  Junction 
points  correspond  to  junction  points.     (2)  Connecting  lines  correspond  tO  ^ 
branches.    (3)  Meshes  correspond  to  meshes. 

In  constructing  a  current  diagram  three  assumptions  may  be  made.l|^ 
follows  :  (1)  Assume  that  some  mesh  (say  a  fig.  2)  of  the  potential  diagni*" 
corresponds  to  some  point  a  of  the  current  diagram,  fig.  8.    (2)  Assume  tfa 
the  phase  of  the  current  in  some  branch  bounding  the  mesh  a  (say  a*) 
represented  by  the  direction  of  the  line  a"  through  the  point  a",    (ft)  Assni 
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that  the  current  amplitude  in  the  branch  a!  is  equal  to  the  length  of  the 
line  a". 

Each  mesh  of  the  potential  diagram  now  corresponds  to  a  definite  point 
of  the  current  diagram,  and  it  is  now  necessary  to  find  these  points.  From 
the  point  a"  construct  all  the  currents  which  bound  the  mesh  a.  The  point 
at  the  outer  extremity  of  each  of  these  current  vectors  represents  the  mesh  of 
the  potential  diagram  which  the  corresponding  branch  separates  from  the 
mesh  a',  and  so  on. 

Comparing  the  current  diagram  with  the  potential  diagram  :  (1)  Junction 
points  correspond  to  meshes.  (2)  Currents  correspond  to  connecting  Unes. 
(8)  Meshes  correspond  to  junction  points. 

Fig.  4  shows  the  construction  for  the  determination  of  the  impedance  and 
resistance  of  the  circuits.  W.  G.  R. 

lOM.  Optical  Methods  of  Determining  Wave-Forms,  E.  E.  Seefehlner. 
(Zeitschr.  Elektrotechn.,  Wien,  18.  pp.  6-8,  Jan.  1 ;  23-26,  Jan.  7  ;  44-46,  Jan. 
21  ;  and  65-69,  Jan.  28,  1900.)— This  is  an  account  of  a  large  number  of 
experiments  carried  out  by  the  author  with  a  Braun  tube  (see  Phys.  Soc, 
Abstract  No.  277,  1897).  Two  methods  were  used  for  obtaining  the  wave- 
shape :  (1)  Photographing  the  wave  on  a  cylinder  covered  with  sensitised 
paper  and  driven  by  a  small  synchronous  motor  ;  (2)  Using  an  auxiliary  alter- 
nating deflecting  field  at  right  angles  to  that  produced  by  the  current  under 
investigation,  and  making  the  phase  difference  between  the  two  fields  equal 
to  \  period  ;  if  the  law  of  variation  of  the  auxiliary  field  is  known,  the  wave- 
form of  the  current  under  examination  may  obviously  be  deduced  from  the 
closed  cur\'c  traced  out  on  the  phosphorescent  screen  of  the  Braun  tube 
under  the  Cv)mbined  action  of  the  two  fields.  The  author  points  out  that  a 
Braun  tube  is  extremely  well  adapted  for  the  rapid  measurement  of  the 

amplitude  factor  ( ^.— ^— ^ -. — V    All  that  is  necessary  for  this  purpose  is 

^  Vmaximum  value/  -'  r    r- 

a  measurement  of  the  deflections  of  the  phosphorescent  patch  caused  by  the 

alternating  current,  and  by  a  continuous  current  equal  to  the  R.M.S.  value  of 

the  alternating  current.  A.  H. 

1095.  Application  of  Braun  Tube  to  Study  of  Hysteresis,  K.  Angstrdm. 
(Elect,  Rev.  N.Y.  36.  p.  88,  Jan.  10 ;  Phys.  Rev.  10.  pp.  74-82,  Feb.,  1900. 
Paper  read  before  the  Konglish  Vetenskaps-Akademiens  Forhandlingar.) — 
Four  coils,  spaced  90^  apart,  are  connected  in  series  and  are  arranged  with 
their  axes  in  a  plane  close  to  the  diaphragm  of  a  Braun  tube.  One  pair  of 
coils,  whose  axes  are  along  a  vertical  diameter  of  the  tube,  contains  no  iron 
cores,  so  that  their  deflecting  effect  on  the  kathode  rays  is  proportional  to  the 
current,  and  hence  to  the  magnetic  force.  The  horizontal  pair  of  coils,  on 
the  other  hand,  contains  samples  of  the  material  to  be  tested.  The  deflecting 
effect  of  this  second  pair  of  coils  is  proportional  to  the  magnetisation  of  their 
cores.  If  the  two  sets  of  coils  are  connected  to  a  source  of  alternating 
E.M.F.,  a  fluorescent  hysteresis  loop  appears  on  the  screen  of  the  Braun  tube. 
Specimens  of  loops  obtained  in  this  manner  are  given.  The  following  modi- 
fication is  suggested  by  the  author  for  comparing  different  samples.  Each  of 
the  two  hori2K>ntal  coils  contains  a  different  sample  (instead  of  identical  ones 
as  in  obtaining  the  ordinary  hysteresis  loops),  and  the  vertical  coils  are 
Ctttirdy  removed.  If  the  two  samples  are  of  precisely  the  same  magnetic 
<palily,  a  simple  rectilinear  vibration  will  result ;  but  the  slightest  difference 
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1096.  Molecular  Magnetic  Susceptibilities.  S.  Meyer.  (Deutsch.  Phys. 
Gesell.,  Verb.  1. 15.  pp.  375-277,  1699.)— The  author  clears  up  some  questions 
of  priority  between  himself  and  du  Bois,  Wills,  and  Liebknecht.  [See  Abstracts 
Nos.  1922  (1899),  and  528  (1900).]  He  points  out  the  remarkable  general 
agreement  between  the  values  found  by  the  former  by  a  wet  method,  and  by 
himself  by  a  dry  method,  the  series  of  atomic  magnetisms  found  by  the 
former  for  Pr  :  N'd  :  Sa  :  Ga  ;  Er  being  in  the  ratio  of  8  : 5  :  12  :  26  :  37,  and  as 
found  by  himself,  2:5:10:28:40.  The  paramagnetism  of  yttrium  and 
ytterbium  is  probably  due  to  traces  of  erbium,  which  has  a  remarkably  high 
susceptibility.  K.  E.  F. 

1097,  Change  in  the  Size  of  Iron,  Steel,  and  Nickel  by  Magnelisalion.  H. 
Nagaoka  and  K.  Honda.  (Phil.  Mag.  49.  pp.  829-348,  April,  1900.)— 
Changes  in  length  of  iron,  steel,  and  nickel  ovoids  produced  by  the  action  of 
the  magnetic  field  are  noted  by  means  of  the  optical  lever — changes  of 
volume  by  placing  the  ovoids  in  a  glass  tube  containing  liquid,  provided  with 
a  capillary  neck. 

The  continuous  lines  in  the  figure  below  show  the  relation  between  the 
field  and  the  proportional  elongation  (or  contraction),  whilst  the  dotted  lines 


show  the  relation  betweuii  the  magnetic  intensity  and  the  elongation.  It  wiD 
be  noted  that  initiall}'  iron  and  ordinary  steel  elongate  when  placed  in  a 
magnetic  field,  but  that  with  increase  of  field  contraction  ultimately  occurs. 
Like  iron,  annealed  Wolfram  steel  shows  a  maximum  elongation,  but  it 
indicates  no  signs  of  an  ultimate  resultant  contraction.  The  paper  also  con' 
tains  curves  similar  to  those  in  the  figure  showing  the  relation  between  tb< 
increase  in  volume  of  the  various  ovoids,  and  the  strength  of  the  field ;  tuv 
the  relation  between  the  increase  in  volume  and  the  intensity  of  magnetic 
tion.  KirchhofF's  equations  show  the  relation  between  the  changes  in  leng 
and  volume,  and  the  values  of    Young's    Modulus   amd    the    Uodulna 
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Rigidity ;  by  means  of  these  equations  the  effects  of  tension  and  torsion  on 
the  ofiagnetisation  of  the  ovoid  can  be  tentatively  calculated.  Comparisons 
are  made  between  the  calculated  and  the  actual  effects.  A.  G. 

1098.  Shifs  Compass,  (Electrician,  44.  p.  596,  Feb.  16,  1900.)— In  1854 
Scoresby  suggested  fixing  the  compass  right  aloft,  so  as  to  avoid  errors  due 
to  iron  in  the  ship.  This  idea  is  now  carried  out  by  Evoy  in  a  compass 
which  can  be  hauled  up  into  the  rigging.  A  carrying  frame  is  provided  with 
a  system  of  cords  and  pulleys  for  maintaining  the  proper  position,  so  that 
the  compass  swings  clear.  An  automatic  locking  device  is  provided  for  the 
card.  When  hauled  up,  two  hemispherical  projections  are  engaged  in 
corresponding  cavities,  thus  fixing  the  frame  and  liberating  the  card.  The 
card  becomes  locked  at  the  instant  that  the  compass  begins  to  descend. 
Readings  of  the  locked  card  are  taken  on  deck.  R.  A. 

1099.  Electric  Tramways  and  Magnetic  Observatories.  v.  Bezold. 
(Elektrotechn.  Ztschr.  21.  pp.  161-164.  Discussion,  pp.  164-165,  Feb.  22, 
1900.) — Upon  the  basis  of  the  researches  of  Eschenagen  and  Edler,  at 
Potsdam  and  Spandau,  the  author  pleads  for  the  protection  of  magnetic 
observatories  from  disturbances  due  to  earth  returns  of  electric  railways. 
He  shows  that  terrestrial  magnetism  was  the  parent  and  precursor  of 
electric  telegraphy  and  of  the  whole  of  electro-technology,  that  it  involves 
enormous  commercial  interests,  and  that  it  is  in  imminent  danger  of  being 
made  a  science  impossible  to  prosecute.  For  the  purposes  of  modern  naviga- 
tion it  is  essential  that  magnetic  charts  should  be  republished  every  five 
years,  and  the  revision  cannot  be  successfully  carried  out  without  fixed 
points  analogous  to  the  fundamental  points  of  a  trigonometrical  survey.  In 
countries  where,  as  in  the  United  States,  the  boundaries  of  territories  and 
states  are  fixed  by  the  compass,  endless  legal  difficulties  are  occasioned  by 
slight  errors  in  the  magnetic  variation.  Earth  returns  have  already  ruined 
the  work  of  the  Washington,  Toronto,  Vienna,  Nice,  Copenhagen,  and 
Batavia  observatories ;  and  others  are  threatened.  It  is  practically  impos- 
sible to  secure  sites  away  from  possible  disturbances,  unless  magneticians 
of  high  standing  are  to  share  the  fate  of  lighthouse-keepers.  Metallic  returns 
appear  to  be  the  only  efficient  safeguard.  E.  E.  F. 
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1100.  Voltaic  Alternatives  in  the  Treatment  of  Muscular  Atrophies. 
C  Truchot.  (Archives  d'El.  Medicale,  8.  pp.  145-i48,  April,  1900.  Paper 
read  before  the  Association  frangaise,  Boulogne.) — This  monograph  refers 
to  an  apparatus  designed  for  the  purpose  of  submitting  a  muscle  to  "  voltaic 
alternatives."  It  consists  of  a  rcverser  fixed  upon  a  motor,  the  speed  of  the 
latter  being  regulated  by  means  of  a  rheostat,  and  capable  of  attaining  40 
revolutions  a  second.  By  means  of  this  apparatus,  instead  of  the  simple 
muscular  contraction  produced  at  the  opening  q^  closure  of  a  continuous 
current,  a  tetanisation  of  the  muscle  may  be  produced  like  that  resulting  from 
tbe  application  of  a  Faradic  current.  A  further  advantage  of  this  arrange- 
neot  is  that  the  alternations  do  away  with  electrolytic  action  and  the  danger 
of  scsuring ;  and  it  is  evident  that  the  muscle,  whether  showing  reaction  of 
tion  or  not,  will  be  excited  by  one  or  other  of  the  changes.  In 
of  the  pbums  of  his  apparatus  the  author  mentions  the  case  of  a  bc" 

2F 
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suffering  from  infantile  paralysis  in  which  it  was  employed,  using  4  or  6 
milliamperes  and  about  80  reversals  a  second.  Tetanisation  was  complete ; 
rh3rthmical  contractions  being  secured  by  means  of  a  pendulum  interrupter. 
At  the  end  of  fifteen  seances  of  ten  minutes  daily  Faradic  contractility  was 
re-established  in  the  muscles,  and  a  fortnight  later  cure  was  complete.  W.  S.  H. 

1101.  Low-Temion  Alternating  Current  Accident,  A.  Kolben.  (Elektro- 
techn.  Ztschr.  21.  pp.  18a-184,  Feb.  15,  1900.)— While  the  lighting  dynamo 
of  some  potash  works  near  Prague  was  under  repair,  the  glow  lamps  were 
connected  between  one  phase  and  the  neutral  wire  of  the  triphase  power 
plant  working  at  190  volts,  and  were  thus  on  an  alternating  110-volt  circuit. 
One  man,  standing  on  an  iron  soda  tank,  with  his  boots  soaked  with  soda 
and  his  bare  hands  probably  wet  with  lye,  is  supposed  to  have  slipped  and  to 
have  touched  one  of  the  naked  wires  of  a  lamp.  A  hot  wire  voltmeter  quite 
close  to  the  spot  afterwards  indicated  96  volts  between  the  wire  and  esirth. 
Two  of  the  man's  fingers  stuck  to  the  wire,  and  as  his  fellows  taking  hold  of 
his  free  right  arm  received  shocks,  five  minutes  may  have  elapsed  before  he 
was  released.  All  attempts  to  revive  him  failed,  although  they  were  com* 
menced  at  once  and  a  physician  was  promptly  summoned.  The  post-mortem 
disclosed  mechanical  abrasion  on  the  left  hand  and  proved  the  man 
to  have  been  a  hard  drinker,  but  left  the  direct  cause  of  death  doubtfuL 
Alcoholism  probably  rendered  him  particularly  sensitive  to  electric  shocks. 

H.  B. 


1102.  Treatment  of  Extensive  Vascular  Tumours  by  Electrolysis,     J. 
goni^.     (Archives  d'i:i.   Medicale,  8.  pp.   106-116,  March,  1900.)— These 
vascular  tumours  are  classed  according  to  their  gravity  or  importance.    In 
the  first  class  are  placed  those  which  rise  little  or  not  at  all  above  the  surface 
of  the  skin.     In  the  second  are  those  formed  by  capillary  vessels  of  new 
formation  not  differing  from  normal  vessels,  and  showing  neither  dilatation  nor 
sanguineous  cavities.     In  the  third  class  are  placed  **  cavernous  angiomata," 
in  which  there  are  cavities  more  or  less  like  the  cavernous  tissue  of  erectile 
organs.    The  author  takes  for  granted  the  universally  recognised  efficacy  ol     , 
electrolytic  treatment  of  ordinary  naevi.     In  the  large  cavernous  variety,    J 
however,  the  prognosis  is  more  grave,  and  the  result  less  certain.     Never- 
theless it  will  prove  very  satisfactory  to  those  who  undertake  it  by  the 
following  method  :  The  instrumentation  consists  of  that  always  employed 
in  every  electrolytic  operation,  i,e.,  a  continuous  current,  a  milliampere  meter 
graduated  from  zero  to  100  milliamperes,  and  a  rheostat  capable  of  varying 
very  gradually  the  intensity  of  the  current.    With  reference  to  the  galvanic 
source,  it  is  important  not  to  work  through  too  high  a  resistance,  i.e,,  to 
work  with  just  such  an  amount  of  electromotive  force  as  is  necessary  for  .' 
the  purpose  in  hand  ;  20  to  80  volts  is  quite  sufficient.    Two  needles  should 
be  used,  the  bipolar  method  being  the  best.     They  will  be  as  rigid  at 
possible  with  a  diameter  from  0*6  to  08  of  a  millimetre,  and  usually  about 
8  centimetres  long.    With  reference  to  the  insulation  of  the  needles,  tb^ 
following  will  be  found  a  useful  rule.      Having  decided  what  depth  tfa 
needle  is  to  be  inserted  in  the  tumour,  half  of  that  distance  only  must  b 
left  bare  or  uninsulated.     In  operating,  choose  the  most  salient  points' « 
the  tumour  to  insert  the  needles.    To  be  sure  of  a  sufficient  localisation 
current,  the  needles  should  not  be  more  than  12  to  16  mm.  afMut.    T 
intensity  of  the  current  and  duration  of  the  operation  will  depend  up 
the  case,  but  a  proper  result  will  seldom  be  obtained  with  less  fhm^ 
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milliamperes,  and  a  duration  of  at  least  6  min.  At  each  sitting  at  least 
8  or  4  bipolar  punctures  ought  to  be  made  in  a  tumour  of  any  size.  Some- 
times one  sitting  will  be  sufficient,  but  their  number  and  frequency  will 
depend  upon  the  hardening  of  the  electrolysed  part,  the  cessation  of  pulsa- 
tion in  the  tumour,  and  other  evidences  of  the  effect  of  the  electrol3rsis. 

W.  S.  H. 

1103.  Electrolytic    Treatment    oj    Urethral    Stricture.       R.     Newman. 
(Archives  d'lfel.  Medicale,  8.  pp.  116-121.    Discussion,  pp.  121-128,  March,  1900. 
Translated  from  the  Journal  of  Electrotherapeut,  New  York,  March,  1899.) — 
The  author  has  successfully  employed  electrolysis  in  more  than  one  thousand 
such  cases  during  the  course  of  thirty  years.     This  treatment  has  proved 
snccessful  beyond  doubt.    Many  practitioners,  not  understanding  the  method, 
avoid  it,  because  our  medical  colleges  give  little  or  no  instruction  in  electro- 
therapeutics.   The  pathology  of  stricture  is  entered  into,  and  it  is  pointed 
out  that  progressive  dilatation  is  an  ideal  treatment  in  cases  of  slight  patho- 
logical alterations  in  the  mucous  membrane  ;  but  it  is  not  competent  to  deal 
with  submucous  infiltrations  and  fibrous  formations  more  or  less  profoundly 
situated.    It  is  then  explained  that  in  the  electrolytic  method,  as  in  the  case 
of  the  decomposition  of  any  compound  body  by  electricity,  acids  and  oxygen 
form  at  the  positive  pole  producing  coagulation,  thereby  acting  as  an  acid, 
and  lca\ing  a  hard  elastic   cicatrix.    At  the   negative   pole   there  appear 
hydrogen  and  bases  of  salts ;  albumen  is  coagulated  and  absorption  produced. 
This  pole  acts  rather  as  a  caustic  alkali.     It  does  not  cause  much  pain  during 
the  application,  and  after  the  use  of  a  very  strong  current  a  cicatrix  remains 
which  is  soft  and  non-retractable.    The  very  different  results  that  follow 
electrolysis  depend  on  the  intensity  of  the  current  and  the  duration  of  the 
application.     For  surgical  purposes  the  rule  is  as  follows :    Weak  currents 
produce  absorption,  strong  currents  produce  cauterisation  and  destruction  of 
tissue.    Therefore  it  follows  that  in  the  treatment  of  stricture  weak  currents 
ought  to  be  employed — 5  milliamperes  or   less — using  the  negative   pole. 
What  we  aim  at  is  chemical  and  galvanic  absorption.    The  seances  are  short 
(5  to  20  min.)  and  repeated  at  a  week's  interval.      If  it  is  asked,  what 
absorl>s  ?  and  what  is  absorbed  ?   the  answer  is  that  the  galvanic  current 
by  the  decomposition  it  brings    about   absorbs    by   degrees    pathological 
formations  which  are  encroaching  on  the  calibre  of  the  urethra.    Several 
types  of  electrodes  are  employed,  the  most  useful  being  one  with  a  slight 
curve  and  an  olive-shaped  metallic  tip.    All  the  rest  of  the  electrode  is  of 
course  insulated.    The  region  affected  must  in  the  first  instance  be  thoroughly 
explored.    The  position  of  the  patient  is  not  a  matter  of  much  consequence, 
and  ansesthetisation  is  not  necessary  as  there  is  no  pain.  W.  S.  H. 

1104.  Cinematoradiography  of  the  Heart.  H.  Guilleminot.  (Archives 
d'EL  Medicale,  7.  pp.  55S-664, 1899.) — This  paper  describes  an  apparatus  which 
enables  the  movements  of  the  heart  and  arch  of  the  aorta  to  be  reproduced 
by  means  of  Rdntgen  rays  and  the  cinematograph.  It  is  necessary  to  pass 
tbc  Rontgen  rays  through  the  thorax  at  a  given  phase  of  the  cardiac  movc- 
menty  and  to  repeat  the  operation  a  sufficient  number  of  times.  The  latter 
irr^ty  arises  from  the  fact  that  radiography  cannot  like  ordinary  photo- 
^apfay  instantaneously  take  an  image  of  any  particular  phase  in  a  movement. 
The  mppantas  to  effect  these  objects  is  briefly  and  technically  described,  aivd 
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1106.  Measurement  of  the  Penetrating  Power  of  Rontgen  Rays  by  means  of  the 
Spiniermeter.  A.  B6cl^re.  (Archives  d'El.  Medicale,  8.  pp.  168-157,  April, 
1900.) — The  author  is  in  the  first  instance  careful  to  explain  that  the  spark- 
measurer,  or  spintermeter  (cririvnjp,  a  spark),  is  in  no  way  a  new  invention,  nor 
even  a  new  idea ;  it  is  only  a  rule  or  rod  graduated  in  centimetres ;  but  it 
will  be  found  a  useful  addition  to  the  radiographic  outfit  It  is  well  known 
that  the  penetrating  power  of  Rontgen  rays  increases  and  decreases  with  the 
resistance  of  the  tube — a  resistance  depending  on  the  calibre  of  the  tube, 
distance  of  electrodes,  degree  of  vacuum,  and  qualities  of  the  passing  current. 
During  the  course  of  radiographic  or  radioscopic  examinations,  this  resist- 
ance varies  from  one  moment  to  another.  It  almost  always  increases,  but 
sometimes  it  suddenly  diminishes  in  consequence  of  the  warming  of  the 
antikathode.  These  variations  in  resistance  become  evident  through  corre- 
sponding variations  in  the  luminosity  of  the  tube  and  distinctness  of  the 
shadows  thrown  upon  the  screen,  but  are  only  very  imperfectly  appreciated 
in  this  fashion  ;  one  of  the  reasons  being  that  a  personal  element  comes  into 
play  which  is  always  undergoing  change,  that  is  to  say,  the  sensibility  of  the 
retina  alters ;  it  may  increase  after  remaining  less  than  20  minutes  in  the 
'dark,  in  the  proportion  of  1  to  200.  It  is  known  that  the  best  way  of  ascer- 
taining the  resistance  of  a  tube  is  to  ascertain  what  is  known  as  the  "  equiva- 
lent spark."  The  spintermeter  is  only  a  detonator  graduated  to  measure  the 
length  of  the  spark.  It  consists  of  a  metallic  rod  divided  into  half  centi- 
metres, terminating  in  a  point  at  one  of  its  extremities,  and  an  ebonite  handle 
at  the  other.  This  rod  moves  easily  in  a  metallic  socket  placed  upon  an 
insulating  support,  so  that  the  point  can  be  approximated  or  removed  at  will 
from  another  metallic  point  (fixed  upon  a  second  insulating  stand)  about  85 
centimetres  distant  from  the  first.  This  is  placed  in  circuit  with  the  coil  and 
tube.  If  there  is  a  spark  between  the  two  fixed  points  the  movable  rod  is 
withdrawn  until  there  is  no  longer  a  spark  at  each  discharge,  and  the  scale 
marks  the  length  of  the  spark  and  the  corresponding  resistance  of  the  tube. 
If  the  resistance  of  the  latter  is  not  what  is  required,  it  can  be  increased  or 
diminished  by  means  of  the  Osmo-regulator  of  Villard, — an  arrangement  for 
introducing  gas  into  the  tube  or  removing  it  as  desired.  The  spintermeter 
can  be  constructed  so  as  to  work  either  vertically  or  horizontally.      W.  S.  H, 

REFERENCES. 

1106.  Dissymmetrical  Currents  in  the  Secondary  of  a  Transformer y  with  a  Wehnelt 
Interrupter  in  iiie  Primary.    O.  M.  Corbino.     (Accad.  Lincei  Atti.  8.  pp.  859-366^ 
1899.) — Experimental    details.    Discussion  as  to  the   cause  of    the    dissymmetry, 
whether  due  to  the  passage  only  of  currents  at  make  or  to  a  phenomenon  analogous  j 
to  the  electric  arc.  A.  D. 

1107.  Theory  of  Induction  Coil.     H.  Armagnat.     (Eel.  Electr.  22.  pp.  121-125, 
Jan.  27,  1900.)— A  theoretical  discussion  of  the  mode  of  action  of  an  induction  coiL 
Taking  into  account  the  condenser,  induction,  capacity,  &c.,  the  conclusion  is  onoe  \ 
more  deduced  that  mechanical  interrupters  should  have  as  high  a  speed  as  possibly 
at  the  moment  of  break.  D.  E.  J 

1108 .  Universal  Galvanometer.    O.  Sch5ne.    (Zeitschr.  Instrumcntenk.,  Beib. 
pp.  13-15,  Jan.  15, 1900.) — This  galvanometer  contiins  a  combination  of  resstanoe 
binding  screws  and  keys,  which  by  different  groupings  enable  E.M.F.*s,  resistance 
insulation  resistances,  and  current  strengths  to  be  measured.    It  is  in  fact  a  compl' 
testing-set,  Siemens  and  Halske  being  the  makers.  J»  B, 


CHEMICAL  PHYSICS  AND  ELECTRO-CHEMISTRY.  409 


CHEMICAL   PHYSICS  AND   ELECTRO-CHEMISTRY. 

1109.  Argon  and  its  Combinations.  Berthelot.  (Annal.  Chim.  Phys.  19. 
pp.  6d-W,  Jan.  1900.) — From  690  cc.  of  crude  argon,  aJfter  freeing  from  nitro- 
gen by  sparking  with  oxygen  over  potash,  or  with  glycolic  ether  (one  of  the 
best  absorbents  of  nitrogen)  there  resulted  455  cc.  of  the  pure  gas.  From  5  to 
10  cc.  was  confined  over  mercury  in  a  tube  enveloped  in  a  large  platinum  or 
aluminium  spiral.  An  inverted  syphon  filled  with  10  per  cent,  sulphuric  acid  had 
its  inner  closed  end  pushed  up  into  the  gas  tube.  The  spiral  and  syphon  being 
made  the  two  poles  of  an  induction  coil,  the  current  traversed  the  two  thick- 
nesses of  glass  and  the  annular  space  of  gas,  avoiding  strong  sparks  as  in  an 
ozoniser.  About  0*1  or  0*2  cc.  of  the  liquids  under  trial  was  introduced,  the 
very  slight  solubility  of  the  gas  being  neglected.  The  results  varied  with 
tension,  temperature,  and  other  circumstances.  Ethene,  glycolic  ether, 
aldehyde,  acetone,  and  compounds  of  the  fatty  series  generally,  while  suffering 
some  decomposition,  showed  no  absorption  of  argon,  and  no  luminosity  in 
20-24  hours.  With  the  benzene  group  combination  occurred  easily,  with  a 
varying  green  luminosity  showing  the  lines  of  A,  Hg,  C,  and  H,  and  an 
absorption  from  1  per  cent,  (aniline)  to  8  per  cent,  or  more  (benzene).  Ring 
compounds  of  the  C4  and  C&  groups  gave  intermediate  results.  Further  ex- 
periments were  made  with  benzene  in  regard  to  its  polymerisation  and 
the  formation  of  phenylmercurargon,  also  with  carbon  disulphide :  34  of  the 
latter  fix  2  of  argon,  forming  a  yellowish  amorphous,  solid,  from  which  heat 
regenerates  a  small  quantity  of  argon.  From  the  liberation  of  argon  from 
some  minerals  the  author  argues  the  existence  of  argonides  of  the  metals. 

S.  R. 

1110.  Melting-Point  of  Chloral  Hydrate.  C.  Q.  L.  Wolf.  Qourn.  Phys. 
Cbem.  4.  pp.  21-32,  Jan.,  1900.) — The  author  describes  a  number  of  experi- 
ments on  the  melting  of  chloral  hydrate,  and  concludes  that  the  differences 
observed  in  the  melting-point  are  due  to  dissociation  phenomena  and  not  to 
the  presence  of  two  different  modifications  in  the  melted  mass.  The  two 
forms  described  by  Pope — namely,  the  long  uniaxial  needles  obtained  on 
cooling  fused  chloral  hydrate  under  a  microscope  cover  shp  and  the  mono- 
symmetric  plates  deposited  from  a  solution  in  chloroform — show  identical 
behaviour  on  heating.  The  melting-point  of  the  undissociated  substance  is 
above  1^,  at  which  temperature  the  sublimation  pressure  is  about  22  mm. 
The  triple  point  for  chloral  hydrate  and  its  dissociation  products  is  about  47^ 

T.  H.  P. 

1111.  Solubility  of  Carbonic  Acid.  C.  Bohr.  (Ann.  d.  Physik,  1.  2.  pp. 
*)l4-256,  Feb.,  1900.)— The  solubihty  of  carbonic  acid  in  alcohol  was  deter- 
mined between  the  temperatures  of  45°  and  —  12°  by  precipitating  the  acid 
from  the  solution  with  baryta  water,  and  between  — 12°  and  —  67**  by  an 
abaorptiometric  method.  The  formula  a(T— «)  =  K  can  be  used  as  an  inter- 
polation fonnula  for  all  temperatures,  except  the  portion  below  —  27**  where 
the  fedl  of  n  is  too  great.    The  following  are  some  of  the  absorptions  found : — 

—66        —26        —10  0        10        20        30        40 
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The  coefficient  of  evasion,  i.e.,  the  amount  of  carbonic  acid  penetrating  1  sq. 
cm.  of  the  surface  per  minute  was  found  to  be  0'574  at  standard  temperature 
and  pressure.    The  coefficient  of  invasion  was  similarly  found  to  be  2*876. 

E.  E.  F. 

1112.  Heat  of  Combination  of  Copper  with  Zinc,  T.  J.  Baker.  (Cheni. 
Soc,  Proc.  15.  pp.  195-196,  1899.)— -The  author  measures  the  difference 
between  the  heat  of  solution  of  the  alloy  and  the  sum  of  the  heats  of 
solution  of  the  pure  metals  in  the  same  proportions.  The  solvents  used 
were  chlorine- water  (0*15  normal)  and  nitric  acid  (HNOs,  8HjO)..  From  0  to 
80  per  cent,  of  copper,  no  heat  of  combination  could  be  detected.  From 
30-62  per  cent,  of  copper,  the  curve  (i.e.,  the  heat  of  formation  of  1  grm.  alloy 
plotted  against  percentage  of  copper)  rises  to  an  ill-defined  maximum.  From 
62-100  per  cent,  of  copper  the  curve  gradually  sinks  to  zero.  F.  G.  D. 

1113.  Reversible  Photochemical  Processes.  R.  Luther.  (Zeitschr.  Phys. 
Chem.  80.  pp.  628-680,  Dec.  80,  1899.)— Those  chemical  actions  in  which 
light  affects  not  merely  an  increase  in  the  velocity  of  a  chemical  reaction 
which  is  capable  of  proceeding  spontaneously,  but  causes  an  actual  disturb- 
ance of  the  chemical  equilibrium  involving  an  expenditure  of  energy,  can  be 
employed  as  a  means  of  determining  the  relations  prevailing  during  the 
transformation  of  radiant  into  chemical  energy.  In  the  reversible  photo- 
chemical process  examined  by  the  author — that  of  the  darkening  of  silver 
chloride  or  bromide — when  the  equilibrium  existing  between  the  free  halogen 
and  the  dark  reduction  product  of  the  silver  haloid  is  disturbed,  the  change 
in  the  intensity  of  the  chemical  energy  can  only  be  compensated  by  an 
equivalent  but  opposite  change  of  the  light  intensity. 

In  order  to  examine  the  relation  existing  between  the  intensity  of  light  and 
the  equilibrium  pressure  of  the  halogen,  glass  plates  on  the  surfaces  of  which 
the  silver  haloid  has  been  slowly  deposited,  are  illuminated  on  the  back  surface 
by  light  passing  through  a  tube  photometer  containing  16  tubes,  the  front  side 
being  in  contact  with  solutions  of  the  free  halogen ;  the  extent  of  the  light 
action  is  shown  by  the  number  (N)  of  black  spots  produced  on  the  plate. 
The  curves  connecting  the  logarithm  of  the  concentration  (C)  with  N,  both 
for  silver  chloride  and  bromide,  are  not  rectilinear  but  are  convex  towards 
the  axis  of  N.  To  test  the  theoretical  relation  A  =  al-h6  (A  being  the 
affinity  of  the  reaction,  I  the  intensity  of  the  light,  proportional  to  N,  and  a 
and  b  constants),  the  affinity  A  is  measured  by  determining  the  E.M.F.  of  a 
halogen  concentration  cell ;  between  the  limits  of  concentration  used  above, 
it  is  found  that  the  E.M.F.,  and  consequently  A,  is  proportional  to  log  C« 
Hence  it  follows  that  A  is  not  proportional  to  I,  and  the  relation  Asslal  -f-  b 
does  not  hold.  .  This  discord  between  theory  and  experiment  the  author 
concludes  is  due  to  either  inaccuracy  or  incompleteness  of  the  theory  or  to 
some  constant  experimental  error.  Attempts  were  made,  without  success,  to 
obtain  light  phenomena  from  the  bleaching  by  chlorination  or  bromination, 
in  the  dark,  of  the  blackened  silver  haloid. 

To  bleach  either  the  latent  or  visible  image  (in  absence  of  an  organic    i 
medium),  the  oxidation-potential  just  sufficient  is,  in  the  case  of  silver  chloride^     • 
1*44,  and  for  the  bromide  1*14  volts ;  the  latent  and  visible  images  have  henoo    i 
very  probably  the  same  composition.    To  investigate  the  chemical  nature  o(| 
the  blackened  product,  the  oxidation  potentials  of  a  halogen  solution  arr 
determined  after  it  has  been  shaken  up  with  increasing  quantities  of  powckrdi 
alver.    It  is  found  that  the  potential  remains  unchanged  until  almost 
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one-half  as  much  silver  has  been  added  as  is  required  by  the  formula  AgCl 
or  AgBr ;  at  this  point  the  potential  suddenly  rises  to  1*44  volts  in  the  case  of 
the  chloride,  and  to  1*14  in  the  case  of  bromide  of  silver,  these  values 
remaining  constant  until  the  amount  of  silver  added  is  equivalent  to  the 
halogen  present.  This  behaviour  points,  with  a  very  high  degree  of  prob- 
ability, to  the  existence  of  the  compounds  AgtCl  and  AgiBr,  and  also  shows 
that  other  silver  sub-haloids,  such  as  AgsClt  for  example,  do  not  exist ;  it  also 
indicates  that  the  darkened  product  of  the  action  of  light  on  the  silver  haloids, 
in  absence  of  organic  matter,  has  the  composition  AgjCl  (or  AgsBr). 

The  author  works  out  a  theory  of  reversible  photochemical  processes 
from  the  laws  of  radiation  and  of  energy ;  this  he  only  advances  as  a  working 
hypothesis,  which  is  as  yet  by  no  means  confirmed  by  experimental  data. 

T.  H.  P. 

1114.  New  Sulphate  oj  Magne^xim  and  Potassium.  J.  H.  van't  Hoff  and 
N.  Kassatkin.  (Preuss.  Akad.  Wiss.  Berlin,  S.  ber.  51.  and  52.  pp.  951-958, 
1899.) — This  is  another  of  the  series  of  papers  on  the  Stassfurt  salt  deposits. 
[See  Abstracts,  Nos.  1989  (1899)  and  226  (1900).]  While  experimenting  on  the 
double  sulphates  of  magnesium  and  potassium  the  authors  have  discovered  a 
hitherto  unknown  salt  having  the  formula — 

Mg4Kf(S04)5.5HsO,  which  stands  in  the  same  relationship 
to  4(MgS04).5H,0  as  Schonite,  MgK,(S04)«.6H,0,  stands 
to  MgS04.6HfO,  and  as  Leonite,  MgK,(S04),.4H,0,  stands 
to  MgS04 .  4H,0. 

This  new  salt  is  formed  by  heating  a  mixture  of  MgS04 .  6HsO  and  Leonite 
to  72*5®,  at  which  temperature  a  considerable  expansion  takes  place,  a  corre- 
sponding contraction  following  immediately  on  cooling.  It  may  also  be  formed 
by  heating  to  about  80^  a  mixture  of  finely  powdered  potassium  and  magnesium 
sulphates  in  the  proportions  of  1  molecule  to  4  molecules,  the  heating  being 
done  under  oil  to  prevent  drying.  The  long  needle  crystals  removed  from 
the  mother  liquor  at  about  SO^  and  dried  gave  on  analysis  a  formula  in  close 
agreement  with  the  above.  J.  B.  H. 

1115.  Cryoscofic  Obseivations,  K.  Au^vers  (with  F.  H.  Betteridge, 
W.  Bartsch,  M.  Dohrn,  and  H.  M.  Smith.).  (Zeitschr.  Phys.  Cham.  32. 
pp.  89-02,  Feb.  6,  1900.) 

1.  Hydroxyketones  in  Naphthalene.  With  the  exception  of  />-  nitrobenzoyl- 
/>-  cresol  which  shows  an  abnormally  low  molecular  weight  decreasing  as  the 
concentration  increases,  all  the  orthohydroxyketones  examined  behave  nor- 
mally, in  accordance  with  the  laws  already  stated.  (See  1900,  Abstract  No. 
544.)  The  parahydroxyketones  show  the  usual  abnormal  behaviour  of  phenols. 

2.  Substituted  Phenols  in  Naphthalene.  The  abnormal  behaviour  of  methyl 
/-hydroxyberueoate  is  very  largely  reduced  by  a  halogen  atom  in  the  ortho- 
position  to  the  hydroxyl  group,  the  influence  of  the  three  halogens  being 
almost  identical.  Para-  and  meta-hydroxybenzaldehyde  are  strongly  ab- 
normal, but  their  substitution  products  only  in  a  much  less  degree.  Of 
Ae  divalent  phenols,  pyrocatechol  and  resorcinol  are  both  abnormal,  but 
the  monomethyl  ether  of  pyrocatechol  is  quite  normal. 

8.  Nitroso-compounds  in  Naphthalene.  Nitrosobenzene  behaves  quite  nor- 
mally, but  derivatives  of  p-  nitrosoaniline  show  an  abnormal  behaviour  which 
is  peiiuqps  an  indication  that  they  have  a  quinonoid  structure. 


412  SCIENCE  ABSTRACTS. 

cryoscopic  values  when  dissolved  in  dimethyl  oxalate,  but  the  deviations  are 
only  small,  especially  in  the  case  of  phenols.    The  depression  constant  is  60. 

5.  p-  Azoxyanisole  as  a  Solvent,  This  substance  melts  at  117**  to  "  liquid 
crystals,"  which  disappear  at  184'6^  when  the  liquid  becomes  isotropic ; 
cryoscopic  determinations  can  be  carried  out  at  the  transition-point  from 
liquid  crystal  to  true  liquid,  and  the  depression-constant  was  found  by 
Schenck  to  have  the  extraordinary  value  K  =  764.  This  value  is  probably 
too  high,  and  a  redetermination  has  given  K  =:  545  as  a  mean  value  for  five 
substances.  Using  this  value  normal  results  were  obtained  even  with  sub- 
stances which  behave  abnormally  in  other  solvents.  T.  M.  L. 

1116.  Siassfurt  Salt  Deposits  and  Saturated  Solutions  of  Chlorides.  H.  A. 
Wilson.  (Preuss.  Akad.  Wiss.  Berlin,  S.ber.  51.  and  52.  pp.  954-955, 
1899.) — Suppose  the  saturated  solution  of  chlorides  to  be  as  follows  : — 

1,OOOH,0  a  Cl,Na,  b  C1,K,  c  Cl,Mg  d  S04Mg, 

then  the  author  concludes  that — 

6  -h  F  =  const. 

0 

The  following  table  gives  the  experimental  proof  : — 

KaCl.         MgC»a    K,C1,  +  ?*^ 

NaClandKCl   196  0  19-6 

NaCl,  KCl  and  Glaserite 20  0  20 

„        „    and  Carnallitc   5*5  70*5  19*6 

„    Glaserite  and  Schonite    16  18-5  19-7 

„    Schonite  and  Leonite 14*5  25*5  19*6 

Leonite  and  MgSOi .  6HtO 18  80*5  191 

MgSO* .  6H,0  and  MgS04 .  6H,0  . . .      6*5  68  191 

MgS04.5H,OandCarnallite 6  68  19*6 

and  MgSO* .  6H,0    7*8  65-8  19 

Schonite  and  MgS04 . 6H,0   95  42*5  (18) 

in  20  per  cent.  MgCl,  95  47*5  19 

J.  B.  H. 

1117.  Molecular  Weight  of  Sulphur  by  the  Ebullioscopic  Method,  L.  Aron- 
stein  and  S.  H.  Meihuizen.  (Archives  Neerlandaises,  8.  pp.  89-180, 1899.) 
— In  view  of  the  discrepancies  between  existing  determinations  of  the  mole- 
cular weight  of  sulphur  in  solution,  the  authors  have  carried  out  a  large 
number  of  experiments  by  the  ebullioscopic  method,  using  as  solvents  carbon 
bisulphide,  benzene,  toluene,  xylene,  naphthalene,  phenol,  and  sulphur 
chloride,  having  boiling-points  ranging  from  46°  to  214°.  Some  modifications 
in  the  apparatus  employed  are  described,  and  the  experimental  results  are 
recorded  in  the  form  of  tables  and  curves.  The  following  general  conclusions 
are  arrived  at :  There  is  no  distinct  difference  between  th^  molecular  weights 
of  sulphur  determined  at  temperatures  below  and  above  the  point  of  transfor- 
mation of  the  rhombic  into  the  triclinic  modification,  and  this  remark  also 
applies  to  determinations  above  and  below  the  melting-point.  Thus,  mea- 
surements with  toluene  at  110°  point  to  the  existence  of  the  molecule  Sj, 
whilst  those  with  xylene  at  189°  give  results  intermediate  between  Sy  and  S«. 
In  carbon  bisulphide  sulphur  has  a  molecular  weight  in  accord  with  the 

~mula  Ss  and  not  S9  as  stated  by  OrndorfF  and  Terrasse.    With  rqputl  to 
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the  use  of  sulphur  chloride  by  these  observers,  who  obtained  therewith  the 
value  Si,  it  is  shown  that  this  liquid  is  partially  dissociated  at  its  boiling- 
point  into  chlorine  and  sulphur.  It  is  therefore  ill  adapted  for  molecular 
weight  determinations  and  the  results  obtained  with  it  are  untrustworthy. 

N.  L. 

1118.  Catalytic  Action  oj  Neutral  Salts,  H.  Euler.  (Zeitschr.  Phys. 
Chem.  82L  pp.  848-869,  Feb.  20,  1900;  from  the  Ofversigt  af  K.  Svenska 
Vetenskaps  Akademiens  Forhandlingar,  5,  1899.) — Neutral  salts  have  the 
greatest  effect  in  accelerating  the  inversion  of  cane  sugar  by  acids  when 
the  concentration  of  the  acid  is  small ;  the  effect  is  slightly  less  at  higher 
temperatures,  and  is  slightly  greater  when  the  concentration  of  the  sugar  is 
large.  The  influence  of  neutral  salts  in  the  hydrolysis  of  esters  by  acids 
is  similar  in  magnitude  and  in  character,  but  in  the  saponification  of  esters  by 
alkalies  neutral  salts  often  have  a  retarding,  and  not  an  accelerating  effect. 
It  is  suggested  that  the  action  of  neutral  salts  may  perhaps  consist  in 
increasing  the  degree  of  dissociation  of  the  water  in  which  they  are  dissolved. 

T.  M.  L. 

1119.  Calculation  of  lonisation  of  Complex  Solutions  oj  given  Concentration, 
and  the  Converse  Problem.  J.  G.  MacGregor.  (Nova  Scotian  Inst,  Trans. 
10.  pp.  67-78,  1898-1899.)— The  author  describes  a  modified  form  of  his 
graphical  method  for  determining  the  degrees  of  ionisation  in  solutions 
contiuning  two  electrol3rtes  possessing  a  common  ion. 

Denoting  the  electrol)rtes  by  1  and  2,  the  concentrations  (in  grm.-equiva- 
lents  per  litre)  by  Ni  and  Nt,  the  degrees  of  ionisation  by  ai  and  at,  and  the 
dilutions  (in  litres  per  grm.-equivalent)  of  the  component  isohydric  solutions 
by  Vi  and  V>,  we  have  the  equations  : — 

(1) 

(2) 
(8) 

(4) 

If  we  are  given  Ni  and  Nt  and  wish  to  obtain  ai  and  at  there  are  various 
graphical  methods  whereby  the  desired  result  may  be  obtained.  For  example, 
as  follows  :  Plot  the  curves  (8)  and  (4)  using  ionic  concentrations  as  abscissas 
and  dilutions  as  ordinatcs.  Then  plot  a  new  curve  such  that  its  ordinate  is 
equal  to  Ni  times,  the  corresponding  ordinate  of  (8)  plus  Nt  times  the  corre- 
sponding ordinate  of  (4).  By  "  corresponding  "  is  meant  "  having  the  same 
abscissa."  Draw  the  straight  line  V  =  1.  Through  the  point  where  it  cuts 
the  last-mentioned  curve  draw  a  vertical  straight  line.  This  line  cuts  (8)  and 
(4)  in  two  points.    The  corresponding  ordinates  are  the  values  of  Vi  and  V|, 

and  the  common  abscissa  the  value  tt^^-^'    The  problem  is  therefore 

Vi        Vj 

solved.  Other  very  similar  methods  of  effecting  a  graphical  solution  are 
disctsssed  by  the  author. 

To  solve  the  converse  problem  the  author  points  out  that  it  is  necessary  to 
have  some  other  datum  besides  the  degree  of  dissociation.  He  then  describes 
how  to  effect  the  solution  graphically  according  as  the  other  datum  is  (1) 
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to  the  two  electrolytes,  (8)  total  concentration  or  difference  of  the  two 
concentrations,  (4)  a  given  value  for  the  conductivity  of  the  solution. 

Finally  the  author  discusses  the  methods  employed  by  Schrader  (Zur 
Elektrolyse  von  Gemischen,  Berlin,  1897),  and  by  Kay  (Proc.  R.  S.  Edin.  22. 
502, 1898-99),  for  calculating  ionisation-coefficients  and  contrasts  them  with 
his  own  method.  F.  G.  D. 

1120.  Relation  of  Viscosity  of  Mixed  Solutions  of  Salts  to  their  lonisation. 
J.  Barnes.  (Nova  Scotian  Inst.,  Trans.  10.  pp.  118-128,  1899-1900r)--This 
investigation  is  an  application  of  MacGregor's  method.  The  author  first 
calculates  from  known  data  the  molecular  conductivities  at  infinite  dilution 
for  125°  C.  in  the  case  of  aqueous  solutions  of  KCl,  NaCl,  BaClt»  NatSOf,  KsSOi, 
and  CuSOa,  and  hence  the  ionisation-coefficients  for  various  dilutions  at  that 
temperature.  Using  the  equation  P  =  Pw  -h  ^  (1  —  fl)  w  +  /  «  «,  where  P  := 
viscosity  of  solution,  Pw  =  viscosity  of  water,  n=:  concentration  in  grm.- 
equivalents  per  litre,  a  s=  degree  of  dissociation,  k  and  /  =  two  constants ;  the 
values  of  k  and  /  are  calculated  by  means  of  the  viscosity  measurements  of 
Reyher  and  Wagner  and  the  ionisation  coefficients  already  obtained. 

For  mixtures  obtained  by  the  mixing  of  equal  volumes  of  equivalent 
solutions,  the  general  equation  for  dilute  complex  solutions : — 

P  =  Pw+j^{[*i(l-^i)«i+/ia,ni]^;-J^^+[*,(l-fl,)«,+ 

where  p  =  ratio  of  volume  of  mixture  to  sum  of  volumes  of  constituent 
solutions,  vi,  z;s  =  volumes  of  constituent  solutions,  reduces  in  this  case  to 

P=  P^  H--^*  I  ^,(1  —  ai)  +  /i  fli  +  A,(l  — oi)  +  /,fl,  I ,  since^  =  1.  The  A'sand 

Vs  in  this  equation  have  the  values  calculated  for  the  simple  solutions.  Hence 
P,  the  viscosity  of  the  complex  solution  may  be  calculated  if  a\  and  a^  can  be 
obtained.  The  values  of  a\  and  at  are  calculated  by  using  a  slightly  modified 
form  of  MacGregor's  graphical  method,  as  follows  :  If  one  employs  specific 
conductivity  and  concentration  instead  of  ionic  concentration  and  dilution 
respectively,  the  equations  given  by  MacGregor  (see  preceding  Abstract)  may 
be  written  in  this  form  : — 

k,  =i^«J  kt 
A*oo» 

Q"^U=^  (^) 

*i=/i(C,) (6) 

A>=*/.(C,) (c) 

This  system  is  solved  graphically  as  follows :  Plot  the  curve  (6),  using 
specific  conductivities  as  abscissae  and  concentrations  as  ordinates.  Plot  (c) 
in  a  similar  manner  on  the  same  paper,  but  give  the  curve  a  "parallel" 
displacement  by  multiplying  the  value  of  each  specific  conductivity  by  the 

factor  '-^-.     Find  by  inspection  two  points,  one  on  each  curve,  having  a 

common  abscissa  and  ordinates  which  satisfy  equation  (a).  In  this  way, 
Ci,  Ctf  ki  and  k^  are  obtained,  and  hence  a\  and  a^  from  the  equations 

*  -—  -_  J_      ?  ss    1. ,   The  values  so  calculated  for  the  viscosities  of  solutions         j 

containing  two  salts  with  a  common  ion  are  compared  with  the  experimental 
results  of  Kanitz.  The  agreement  between  the  two  appears  to  be  tolerably 
^ood.  F.  G,  D. 
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1121.  Chemical  Equilibrmfn  in  a  System  containing  Four  Gases,  H.  P^labon. 
(Comptes  Rendus,  180.  pp.  576-579,  Feb.  26,  1900.>-~If  mercury  selenide  is 
heated  above  500°  in  an  atmosphere  of  hydrogen  it  is  partially  reduced  in 
accordance  with  the  reversible  equation — 

HgSe  +  H,  ;e=±  H,Se  -f  Hg. 

If  the  partial  pressures  of  these  substances  be  pi,  ^j,  ps,  and  pA  respectively, 

then  ^^ = /(T).  In  presence  of  an  excess  of  solid  mercury  selenide  ^i  becomes 
pjp4 

a  constant  for  each  temperature,  whilst  if  no  excess  of  mercury  is  present 

p^s=p^  and  the  equation  becomes  tj  =/(T)  ;  this  equation  has  been  verified 

for  three  pressures  of  hydrogen  at  540°.    In  presence  of  an  excess  of  mercury 

p4  becomes  a  function  of  the  temperature,  and  the  equation  is-^  =/(T)  ■;  the 

reduction  of  the  selenide  is  largely  prevented  by  the  excess  of   mercury 
— a  result  which  has  been  verified  by  experiment.  T.  M.  L. 

1122.  Equilibria  with  Two  Liquid  Phases  in  Systems  composed  of  Water, 
Alcohol,  and  an  Alkaline  Salt.  B.  R.  de  Bruyn.  (Zeitschr.  Phys.  Chem. 
82.  pp.  63-115,  Feb.  6,  1900.)  —  The  following  systems  were  studied  : 
(I.)  Ammonium  Sulphate,  Ethyl  alcohol,  Water.  (II.)  Potassium  Carbonate, 
Methyl  alcohol.  Water.  (III.)  Potassium  Carbonate,  Ethyl  alcohol.  Water. 
(IV.)  Sodium  Sulphate,  Ethyl  alcohol,  Water. 

The  contents  of  the  paper  may  be  summarised  as  follows  : — 

1.  Quadruple  Curves  investigated. 

System  I. — ^Two  liquid  phases,  solid  (NH4)»  SO4.  Below  8°  two  stable  phases 
cease  to  coexist. 

System  II. — ^Two  liquid  phases,  solid  salt  hydrate.  The  two  liquid  layers 
become  identical  at  — 85°. 

System  III. — Two  liquid  phases,  solid  salt  hydrate.  A  critical  solution- 
temperature  was  not  observed. 

System  IV. — One  liquid  phase,  Na,  SO4 .  10  HjO,  NatS04.  Investigated  from 
32-5*'  to  10°. 

2.  Triple  Curves  investigated. 

System  I. — (a)  One  liquid  phase,  solid  (NH4)»S04. 

{b)  Two  conjugate  liquid  phases.  Separation  of  a  homogeneous  solution 
produced  by  cooling  or  heating,  according  as  the  alcohol  concentration  is 
high  or  low.  Mixtures  of  intermediate  concentration  become  homo- 
geneous on  heating,  but  separate  again  on  further  rise  of  temperature. 

System  II. — Two  conjugate  liquid  phases.  On  warming,  an  initially  homo- 
geneous mixture  separates  into  two  layers. 

System  III. — Two  conjugate  liquid  phases.  Mixtures  of  high  or  low  alcoholic 
concentration  behave  as  in  I.  (6).  Intermediate  mixtures  on  rise  of 
temperature  become  at  first  homogeneous,  then  separate,  and  finally 
become  homogeneous  again. 

System  IV. — (a)  One  liquid  phase  and  solid  Nai  SO4 10H,O,  Na»  SO4,  or 
Na9S04  7H>0.  The  last  combination  is  supersaturated  with  respect  to 
the  decahydrate. 

{b)  Two  conjugate  liquid  phases.  This  combination  is  always  unstable, 
being  at  lower  temperatures  supersaturated  with  respect  to  decahydrate  and 
at  higher  temperatures  with  respect  to  anhydrous  salt.  A  homogeneous 
solution  separates  into  two  layers  on  coolini^. 
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8.  The  author  proves  the  existence  of  the  hydrates  :— 

KfCOf.  1|H,0 
KiCO,.  2H,0 

and  confirms  the   known  fact   that    no    stable    hydrate    of    the    formula 
NaiS04 .  H,0  exists. 

The  paper  contains  a  very  great  mass  of  data,  and  very  complete  biblio- 
graphical references.  F.  G.  D. 


1123.  ElecirO'deposition  of  Copper  from  Alkaline  Solutions.  S.  Co"wper- 
Coles.  (Elect.  Rev.  46.  pp.  256-256,  Feb.  16,  1900.)— A  description  with 
figures  of  a  plant  erected  at  the  works  of  the  SociiU  des  Mines  et  Fonderies  de 
Zinc  de  la  Vielle-Moniagne  in  Belgium  for  electro-depositing  copper  upon  zinc 
sheets.  Anodes  of  rolled  copper  are  used,  with  an  electrolyte  containing  the 
double  cyanide  of  copper  and  potassium.  This  solution  is  made  up  to  a 
strength  of  1'12  sp.  gr.  at  16°  C,  and  is  worked  at  a  temperature  of  160°  F. 
A  current  density  of  10  amperes  per  square  foot,  and  an  E.M.F.  of  1*6  volts 
are  employed.  The  electrolyte  is  maintained  at  its  proper  strength  by  circu- 
lating through  a  filter  containing  finely  divided  copper.  J.  B.  C.  K. 

1124.  Electro-deposition  of  Alloys,  H.  W.  Toepffer.  (Zeitschr.  Elek- 
trochem.  6.  pp.  342-844,  18W.)— Mixed  solutions  of  the  simple  sulphates,  of 
the  double  ammonium  sulphates,  and  of  the  oxalates  were  used  as  electrolytes 
in  the  author's  experiments,  and  the  following  alloys  were  deposited  :  Iron- 


looo/fl 


xoo/o    90% 


40%   50% 


Ft  in  Alloy 


nickel,  iron  cobalt,  iron  zinc,  and  cobalt-nickel.  An  attempt  was  made  to 
obtain  in  a  similar  manner  an  alloy  of  iron  and  copper,  but  this  failed. 
The  results  obtained  did  not  accord  with  the  theoretical  assumption 
that  as  the  E.M.F.  increased  gradually  from  zero,  the  salt  with  the  higher 
decomposing  value  would,  from  a  certain  point  onwards,  join  to  an  increasiqg 
extent  in  the  transfer  of  the  current  across  the  'cell.    As  the  E.M.F.  and 
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cnrrent  increased,  the  metal  requiring  the  higher  E.M.F.  to  bring  about  its 
deposition  was  found  to  be  deposited  ih  a  diminishing  percentage  at  the 
kathode. 

As  an  illustration  of  this  phenomenon,  the  author  gives  the  results  obtained 
with  an  electrolyte  containing  ferrous  and  nickel  sulphates,  in  the  form  of  a 
diagram,  and  this  is  reproduced  above.  As  the  current  and  E.M.F.  increase 
less  iron  is  deposited,  although  ferrous  sulphate  has  a  higher  decomposing 
value  than  nickel  sulphate.  The  dotted  portions  of  the  curves  are  projections, 
and  serve  to  indicate  that  as  the  current  and  E.M.F.  approach  zero,  the  alloy 
will  contain  chiefly  iron  and  little  or  no  nickel. 

Details  of  the  experiments  with  the  other  metals  named  above  are  given. 
In  explanation  of  the  anomalous  results  obtained,  the  author  puts  forward  the 
suggestion  that  the  noble  metals — of  which  nickel  is  one — ^very  readily  form 
complex  anions,  and  that  possibly  the  salts  of  these  noble  metals  do  not 
dissociate  very  readily  on  solution  in  water.  The  amount  of  salt  in  solution 
in  this  case  would  therefore  be  no  guide  to  the  number  of  ions  ready  to  take 
part  in  electrol3rtic  work.  J.  B.  C.  K. 

1125.  Elecirolytic  Hyfochlorites.  A.  Sieverts.  (Zeitschr.  Elektrochem.  6. 
pp.  864-370,  Jan.  4 ;  and  374-378,  Jan.  11,  1900.)--The  author  summarises 
the  results  of  recent  work  upon  the  best  conditions  for  electrol3^c  hypo- 
chlorite production  as  follows  : — 

(1)  The  maximum  concentration  obtainable  by  electrolysis  is  between  0*6 
and  0^  grm.  oxygen  as  hypochlorite  per  100  cc.  Beyond  this  point  chlorate 
is  alone  produced  (Haber  and  Grinberg.  Miiller).  (2)  A  high  current  density 
is  favourable  for  hypochlorite  production  (Oettel).  (8)  A  high  temperature  is 
onfavoorable  for  hypochlorite  production  (Oettel).  (4)  The  concentration  of 
the  original  salt  solution  used  does  not  affect  the  result,  provided  that  the 
electrolyte  contains  from  58-116  grms.  of  common  salt  per  litre,  or  an 
equivalent  amount  of  the  other  salts. 

All  of  these  conditions  harmonise  with  the  theory  of  hypochlorite  forma- 
tion in  the  electrolytic  cell,  recently  advanced  by  Foerster  ;  but  the  second  is 
in  direct  conflict  with  results  obtained  by  Schoop,  and  the  author,  at 
Focrster's  instigation,  has  undertaken  the  investigation  of  this  point  again.  A 
description  and  sketch  of  the  apparatus  used  is  given.  Platinum  was  used 
as  anode  material  and  iron  as  kathode.  The  methods  of  analysis  used  for 
determining  the  oxygen  present  as  h3rpochlorite  and  as  chlorate  in  the 
electrolysed  solutions  are  described.  Solutions  of  potassium  chloride  and  of 
calcium  chloride  were  used  as  electrolytes.  The  results  obtained  are  reduced 
to  a  common  form,  and  given  in  two  tables.  In  each  case  the  yield  of  hypo- 
chlorite increased  with  the  current  density,  thus  confirming  the  correctness 
of  Oettel's  results.  In  the  course  of  the  investigation  it  was  found  that  the 
low  current  efficiency  of  the  hypochlorite  cell  is  due  chiefly  to  reduction  of 
previously  formed  hypochlorite  by  hydrogen  at  the  kathode,  and  that  under 
correct  conditions  of  work,  only  a  very  small  portion  of  the  loss  is  due  to  the 
formation  of  chlorate,  or  to  escape  of  gaseous  chlorine  at  the  anode.  The 
author  states  that  in  all  comparative  investigations  of  this  kind,  it  is 
imperatiTe  that  equal  current  and  equal  flow  of  electrolyte  should  be  main- 
tuned  through  the  cell  during  the  electrolyses.  The  time  limit  of  the  ex- 
periments is  of  no  importance  and  should  be  neglected. 

The  xcoad  portion  of  the  author's  paper  relates  to  the  question  of  the 
hi^  bieadung  valne  of  solutions  of  hypochlorite  prepared  by  electrolysis. 
and  BIscboff  have  ascribed  this  high  value  to  the  presence  of  free 
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hypochlorous  acid  in  the  electrolysed  solution.  The  direct  proof  of  this  was, 
however,  impossible  by  chemical  means  until  recently,  when  a  new  method 
of  analysis  worked  out  by  Jorre  was  shown  to  yield  reliable  results  if  applied 
to  solutions  containing  hypochlorous  acid  in  presence  of  its  salts.  Solutions 
of  p)otassium  chloride,  sodium  chloride,  and  calcium  chloride  were  used  for 
preparing  the  bleaching  solutions.  The  apparatus  resembled  that  used  in 
the  first  set  of  investigations.  With  the  first  two  salts  the  yield  of  hypo- 
chlorite was  small,  and  the  chief  loss  was  traced  to  kathodic  reduction.  The 
yield  with  calcium  chloride  was,  however,  much  higher,  and  confirmed  the 
results  obtained  by  Oettel  and  others. 

Applying  the  new  method  of  analysis  to  these  electrolysed  solutions,  it 
was  found  that  the  theory  of  Foerster  and  Bischo£F  was  correct,  and  that  all 
contained  a  large  portion  of  their  available  oxygen  in  the  form  of  free  hypo- 
chlorous acid.  In  the  case  of  the  calcium  chloride  solution,  the  proportion 
was  highest  and  amounted  to  50  per  cent.  This  solution  was  found  to  be  less 
stable  than  the  other  two  solutions  when  exposed  to  the  air.  In  many  cases 
free  chlorine  is  present  in  the  solutions,  and  this  must  be  removed  before 
Jorre's  test  for  free  hypochlorous  acid  can  be  applied.  A  special  experiment 
made  with  a  solution  containing  8  grms.  of  sodium  chloride  and  magnesium 
chloride  =  2  grms.  of  sodium  chloride,  was  found  to  yield  95  per  cent,  of 
t^e  available  oxygen  as  free  hypochlorous  acid.  This  solution  proved,  in 
accordance  with  the  theory,  a  most  energetic  bleaching  agent. 

Attempts  were  made  to  carry  out  similar  experiments  with  solutions  con- 
taining magnesium  chloride  alone,  but  it  was  found  impossible  to  remove  the 
free  chlorine  from  the  solution  after  electrolysis,  by  aeration,  and  the  appli- 
cation of  Jorre's  method  for  determining  the  amount  of  free  hypochlorous 
acid  present  was  therefore  impossible.  J.  B.  C.  K. 

1126.  Electrolytic  Preparation  of  Indulin  Dyes.  E.  C.  Szarvasy .  (Zeitschr. 
Elektrochem.  6.  pp.  408-407,  Feb.  1,  1900.) — The  electrolysis  of  fused  aniline 
hydrochloride  results  in  the  formation  of  azophenin  and  colouring  matters  of 
the  indulin  class.  The  best  results  are  obtained  at  160°,  using  an  anode 
current  density  of  about  0*8  ampere  per  square  decimetre.  Mainly  of 
phemical  interest.  N.  L. 

1127.  Ozone  Generator.  (Elekt.  Runds.  17.  pp.  89-90,  Feb.  1,  1900.) — 
Otto's  apparatus  for  producing  chemical  effects  by  means  of  high-tension 
discharges  do  not  contain  any  dielectric  but  air,  and  one  or  both  elec- 
trodes or  some  other  parts  are  movable.  Within  a  cylindrical  casting 
provided  with  inward  projections,  a  disc,  fitted  with  points,  turns  about  a 
vertical  axis.  The  air  enters  on  one  side  through  a  distributing  sieve  and 
leaves  on  the  opposite  side.  When  the  inner  electrode  is  turned,  discharges 
tike  place  as  the  points  approach  the  projections.  For  alternating  currents 
at  50,000  volts  the  points  are  replaced  by  a  cast  screw,  varnished  or  covered 
with  a  non-oxidisable  metal.  Both  electrodes  may  also  be  stationary  and 
separated  by  a  revolving  cylindrical  screen,  out  of  which  sectors  are  cat.  I£ 
the  distance  is  normally  too  large  for  any  discharge  to  pass,  the  screen  is 
made  of  a  conductor ;  if  the  electrodes  are  near  one  another,  the  screen  j 
consists  of  insulating  material.  H.  B.      -' 

1128.  Stassano  Process  for  the  Electro-metallurgical  Production  of  Iron.  A 
F.  P.  Mann.  (Scientific  American,  82.  p.  68,  Feb.  8,  1900.)— This  process  * 
for  the  production  of  iron  and  steel  has  been  tested  on  a  practical  scale  at 
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Rome,  with  favourable  results.  The  furnace  worked  with  Camonica  ore,  and 
utilised  100  H.P.  In  form  the  furnace  resembles  the  ordinary  blast  furnace, 
the  carbons  for  supply  of  the  electric  current  being  inserted  horizontally, 
just  above  the  hearth.  The  ores  to  be  used  are  roasted,  ground,  and  mixed 
with  charcoal  and  pitch,  before  being  placed  in  the  furnace.  Oxides  of 
manganese,  nickel,  or  chromium  may  be  added  during  the  grinding  and 
mixing  operations,  in  order  to  produce  an  iron  or  steel  containing  small 
amounts  of  these  metals.  It  is  estimated  that  one  ton  of  metal  can  be  pro- 
duced in  the  Stassano  furnace  by  the  expenditure  of  8,000  I. H.P.  hours. 
Details  of  the  thermal  calculations  upon  which  this  estimate  is  based  are 
given  by  the  author.  Three  thousand  H.P.  hours  can  be  generated  in  Italy 
at  a  cost  of  only  18  lire,  and  the  whole  process  of  iron  production  in  the 
Stassano  furnace  can  be  carried  out  at  a  cost  of  100  lire  per  ton,  as  compared 
with  160  lire  by  the  ordinary  blast  furnace  process. 

A  company  has  been  formed  to  build  a  large  works  for  operation  of  the 
process  in  the  valley  of  Camonica  ;  and  three  furnaces,  each  of  500  H.P. 
capacity,  are  to  be  forthwith  erected  at  this  place.  It  is  expected  that  an 
output  of  4,000  tons  of  iron  and  steel  per  annum  will  be  attained  when  the 
works  arc  completed.  Two  diagrams  of  the  furnace  accompany  this  descrip- 
tion of  the  process.  J.  B.  C.  K. 

1129.  Electric  FuniaceSf  with  Special  Reference  to  the  Production  of  Calcium 
Carbide.  B.  Carlson.  (Zeitschr.  Elektrochem.  6.  pp.  418-419,  Feb.  8,  and 
429-484,  Feb.  15,  1900.) — This  is  in  the  main  a  comparison  between  arc- 
furnaces  and  resistance-furnaces  (in  which  heat  is  generated  by  the  inter- 
position of  a  fluid  resistance,  e.g.,  the  melted  calcium  carbide  itself) ;  and 
between  continuous  and  intermittent-running  of  the  furnaces.  The  resistance 
furnace  cannot  well  be  worked  intermittently  ;  but  has  the  advantage  that  it 
consumes  less  electrode  carbon  and  may  therefore  be  run  longer  without 
intermission.  On  the  other  hand,  the  resistance  varies  greatly,  and  the 
current  and,  therefore,  the  temperature,  are  less  under  control ;  the  lime  and 
carbon  mixture  floats  on  the  fluid  carbide,  and  is  thus  not  so  well  placed  as 
in  the  arc-furnace  where  it  is  exposed  to  the  full  heat  of  the  arc ;  whilst 
continuous  currents  must  not  be  used,  as  they  tend  to  cause  electrolysis  and 
hence  volatilisation  of  calcium.  Continuous  furnaces  have  the  disadvantage 
that  the  molten  carbide  comes  in  contact  with  the  furnace-lining,  which 
most  therefore  be  more  refractory  in  character  (and  must  not,  as  in  inter- 
mittent furnaces,  consist  of  chamotte).  Again,  in  consequence  of  the  slag- 
like (viscous)  character  of  the  fluid  carbide,  and  of  its  low  spuciflc  heat,  the 
temperature  must  be  raised  far  above  that  at  which  the  carbide  flows  freely 
18.500^—4,000°  C.)  in  order  that  it  may  be  tapped,  whilst  in  intermittent  fur- 
naces a  temperature  of  2,800°-8,000°  C.  sufflces  for  the  work  ;  the  proportion 
Of  dissociation  in  the  continuous  furnace  is  thus  greater,  calcium  distils  off, 
and  the  yield  of  carbide  is  lower,  whilst  a  greater  heat-expenditure  is 
necessary'.  In  practice  the  fusing-point  is  lowered  by  the  addition  of  lime, 
bat  this  gives  a  less  pure  carbide.  The  slow  cooling  of  the  charge  in  the 
iniermiticni  furnace  is  economical  because  the  reaction  between  lime  and 
carbon  continues  markedly  even  at  a  temperature  of  1,200°-1,500°  C,  and  is 
therefore  carried  on  economically  during  the  cooling  (by  the  waste-heat  of 
the  carbide  already  formed)  in  a  portion  of  the  charge  not  already  treated  ; 
moreover,  free  calcium,  which  often  exists  dissolved  in  the  carbide  (even  up  to 
10  per  cent.)»  combines  with  free  carbon  during  slow-cooling,  but  is  prac- 
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The  loss  of  heat  by  radiation  and  convection  also  is  necessarily  greater  in  the 
hotter  (continuous)  furnace  than  in  the  other.  Calculation  in  the  case  of  a 
furnace  covered  with  iron  plates  having  a  superficial  area  of  7-6  sq.  m. 
showed  (according  to  Peclet's  formula)  that  in  an  intermittent  furnace  of 
which  the  outside  was  at  a  temperature  of  100°  C,  the  loss  from  these  causes 
amounted  to  8,197  calories  per  hour,  or  9-46  kilowatt  hours,  which  is  equiva- 
lent to  6-8  per  cent,  of  the  energy  introduced  into  the  furnace.  A  continuous 
furnace  of  the  same  material  and  dimensions  would  have  lost  8-6  times  as 
much.  In  practice  the  loss  is  reduced  to  about  twice  instead  of  8*6  times  the 
magnitude  by  building  thicker  walls  and  altering  the  conditions  accordingly. 
The  second  paper  is  principally  devoted  to  calculations  of  relative 
efficiency.  The  specific  heats  at  different  temperatures  of  the  various 
materials  concerned  are  first  calculated,  for  carbon  and  lime  (by  extra- 
polation where  necessary),  from  Violle's  formula,  So  =  0*866  +  0-00006  /,  and 
Gin's  formula  (for  atomic  heat),  ScaO  =  11*4  -|-  0-001  /,  respectively,  and  for 
calcium  and  calcium  carbide,  with  the  aid  of  Kopp's  law,  as  follows : 
ScaO  —  So  =  Sca,  and  Scac  ^  Sca  +  2Sc,  the  atomic  heat  of  oxygen  being 
taken  as  constant  at  4*0.    The  numbers  obtained  are  as  follows  : — 


Xemperature. 

Specific  Heat  of— 

C. 

CaO. 

Ca. 

CaC,. 

0°C. 
1,000 
1,600 
2,000 
2,600 
8,000 
8,600 

0-866 
0-416 
0-446 
0-476 
0-606 
0-686 
0-666 

0-2086 
0-2214 
0-2808 
0-2898 
0-2482 
0-2671 
0-2660 

0-186 
0*210 
0-228 
0-286 
0-248 
0-260 
0-278 

0-247 
0-271 
0-296 
0-826 
0-844 
0-868 
0.881 

Using  these  figures  calculations  are  made  in  detail  to  ascertain  the  actual 
expenditure  of  heat  in  continuous  and  intermittent  furnaces.  The  final 
results,  including  loss  by  radiation  and  convection  from  the  furnace-walls,  are 
given  in  the  following  table,  where  y^  z,  and  u  represent  the  respective 
allowances  to  be  made  for  the  as  yet  unknown  latent  heats  of  fusion  of  the 
carbide  and  lime  : — 


Carbide 

containing 

CaC,,  per  cent. 

(the  rest  =  CaO. 

Continuous  Furnace. 

Intermittent  Furnace. 

Proportion  of  the 
yield  of  Int 

K.W.  hours  per 
kgrm.  CaCa- 

Kgrm.  CaCg 
per  k.w.  day. 

K.w.  hours  per 
kgrm.  CaCV 

Kgrm.  CaC, 
perk.w  day. 

Furnace  given  by 

Cont.  Furnace 

percent 

100 

86 
76 

8-92-f  >' 
8-62 +>' 
8-26  +  y 

6*1—2 

6-8-2 
7-4-2 

2-95 
2-62 
2-37 

8-1 

9-1 

101 

76-8  —  u 
74-0  —  11 
78*6  —  u 

These  numbers  may  be  considered  theoretical  maxima,  any  disturbi 
causes  not  here  allowed  for  acting  adversely,  nevertheless  there  are  cases 
record  in  which  they  have  been  very  nearly  reached  in  practice.    Errors  d 
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ignorance  of  the  exact  conditions  at  the  temperatures  used,  although 
acting  the  accuracy  of  the  numbers  themselves,  do  not  influence  the  com- 
[rison  between  the  two  classes  of  furnace,  any  errors  being  constant.  The 
kching  of  these  theoretical  figures  is  confirmed  by  practice,  for  while  an 
ferage  of  4*6  kgrms.  of  76  per  cent,  carbide  per  k.w.  day  is  not  exceeded  in 
itinuous-furnace  work,  intermittent  furnaces,  such  as  that  of  the  Deutsche 
und  Silbcr  Ansialt,  give  6*8  to  6*5  kgrms.  The  fact  that  those  who  have 
continuous  furnaces  are  now  reverting  to  the  use  of  intermittent  fur- 
also  confirms  this.  Finally  the  author  shows  that  the  product  of  the 
continuous  furnace  is  not  necessarily  uniform,  nor  does  the  intermittent 
iumauce  demand  the  employment  of  a  larger  stafE  of  workmen.     W.  G.  M. 

1130.  Apparatus  for  use  in  Experimental  Fused  Electrolysis.  A.  A.  Beadle. 
(Elect  Rev.  46.  pp.  83-84,  Jan.  19,  and  127-128,  Jan.  26,  1900.)— The  author 
gives  various  forms  of  crucible  furnaces  for  the  purpose  of  carrying  out 
experiments  on  fused  electrolysis.  Simplicity  of  construction  and  the  utilisa- 
tion of  ordinary  appliances  easily  procurable  are  aimed  at.  The  furnaces 
employed  are  heated  by  gas,  and  one  also  by  a  Swedish  paraffin  blow-lamp. 
Hints  as  to  making  good  electrical  connections  for  anode  and  kathode  are 
also  given.  Altogether  the  paper  contains  useful  hints  for  those  engaged  in 
this  class  of  work.  O.  J.  S. 

1131.  Bromilow's  Magnetic  Separator  for  Workshops,  P.  Chevillard. 
(EcL  Electr.  22.  pp.  177-179,  Feb.  8,  1900.  Revue  Industrielle,  xxxi.  p.  4, 
Jan.  6, 1900.  Engineer,  88.  p.  550,  Dec.  1, 1899.) — The  machine  described  in 
this  pxpoi  is  specially  designed  for  the  separation  of  particles  of  steel  and 
iron  from  those  of  copper,  brass,  &c.,  in  the  refuse  turnings  and  borings  from 
engineering  works.  The  method  adopted  consists  in  passing  the  mixed 
metal  particles  from  a  hopper  into  a  conical  shell  lying  with  its  axis 
horizontal.  Inside  are  a  number  of  electromagnets  revolving  on  a  spindle 
and  arranged  to  push  the  contents  forward  in  the  direction  of  the  base  of  the 
cone.  The  magnets  after  passing  through  a  certain  angle  are  demagnetised 
by  the  current  being  automatically  cut  off,  and  allow  the  adhering  iron  and 
steel  to  drop  ofif  into  a  receiver  below  through  a  cavity  in  the  casing.  A  fixed 
brush  assists  this  clearing  action.  The  non-magnetisable  metals  travel  for- 
ward and  are  discharged  at  the  end  into  a  separate  receiver. 

The  machine  will  treat  2  tons  per  diem.  It  revolves  at  80  revolutions  per 
minute  and  requires  a  current  of  21  amperes  and  7  volts.  It  weighs  about 
8  cwt  and  requires  only  about  1  H.P.  for  revolving  and  supplying  the  cur- 
renL  There  are  drawings  in  section  and  perspective  illustrating  the 
mechanism.  J.  L.  F.  V. 
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STEAM   PLANT,  GAS  AND  OIL  ENGINES. 

1136.  Sfeam  Turbines  and  High-Speed  Nain'gation.  C.  A."  Parsons. 
(Nature,  61.  pp.  424-428,  March  1, 1900.  Paper  read  before  the  Royal  Insti- 
tution,  Jan.  26,  1900.) — ^The  author  traces  the  history  of  the  earliest  records  of 
the  steam  engine  down  to  the  latest  Laval  steam  turbine.  In  1884  the  first 
Parsons  turbine  engine  of  10  H.P.,  and  running  at  18,000  revolutions,  was 
made,  and  is  now  on  view  in  the  South  Kensington  Museum.  As  steam  was 
admitted  in  the  centre  of  the  turbines  and  worked  its  way  out  over  the  guide 
blades  and  vanes  towards  either  end  there  was  no  end  pressure  or  thrust  on 
the  bearings,  and  the  shaft  was  free  to  revolve  with  a  minimum  amount  of 
friction.  The  speed  of  these  small  turbines  was  extremely  high.  In  1888 
several  120  H.P.  non-condensing  parallel  flow  turbine  engines  were  made  and 
run  at  much  lower  speeds.  In  1892  the  first  large  radial  flow  condensing 
turbine  was  constructed  for  200  H.P.  at  4,800  revolutions,  driving  a  160  kw. 
alternator.  Its  consumption  was  27  lbs.  per  kw.  hr.,  or  say  16  lbs.,  per  I. H.P. 
hour.  The  latest  turbo-alternator  of  1,200  kw.  with  130  lbs.  steam,  10"  C. 
superheat,  gave  18*8  lbs.  per  kw.  hour,  which  is  equivalent  to  11*9  lbs.  per 
I. H.P.  hour,  and  compares  favourably  with  the  best  reciprocating  steam 
engines. 

The  most  important  field  for  the  turbo-motor  is  that  of  high-speed  navi- 
gation, and  the  Turbinia  was  the  first  boat  built.  Great  difliculty  was 
experienced  from  what  is  known  as  "  cavitation,"  on  account  of  the  extremely 
high  speed  of  the  shaft  driving  the  propellers.  Elaborate  experiments  were 
carried  out  to  investigate  this  phenomenon,  and  led  to  the  deduction  that  for 
fast  speeds,  wide  thin  blades,  coarse  pitch  ratio,  and  moderate  slip  are  best 
suited  to  prevent  cavitation.  The  one  original  shaft  of  the  Turbinia  was  now 
changed  for  three  separate  shafts,  each  carrying  three  propellers,  one  t>ehind 
the  other,  and  82}  knots  was  now  reached  on  the  measured  mile  and  a  consump- 
tion of  14^  lbs.  per  I. H.P.  hour.  A  special  turbine  was  fitted  to  one  of  the 
shafts  for  going  astern.  In  1898  the  Admiralty  ordered  a  81-knot  destroyer 
called  the  Vifcr.  She  has  four  independent  screw  shafts  with  two  propellers 
on  each  shaft.  The  boilers  are  of  the  Yarrow  type,  with  15,000  square  feet 
H.S.  and  272  square  feet  G.S.  The  mean  speed  reached  on  the  preliminary 
trials  was  84*8  knots,  the  highest  run  being  85*5  knots  with  11,000  H.P.,  as 
compared  with  6,000  to  6,500  H.P.  of  the  ordinary  80-knot  destroyers.  The 
designs  for  cross  channel  and  other  classes  of  steamers  are  also  briefly  dealt 
with.  L.  S.  R. 

1136.  Balanced  Piston  Valve.  W.  O'Brien.  (Mech.  Eng.  5.  pp.  256-257, 
Feb.  24,  1900.  Paper  read  before  the  Institution  of  Engineers  and  Ship- 
builders in  Scotland,  Jan.  28,  1900.) — A  comparison  is  made  between  an  engine 
of  the  usual  four-crank  type,  having  two  piston-valves  and  two  flat  slide-valves 
for  the  tour  cylinders,  and  an  engine  fitted  with  cylinders  of  the  same  dimen* 
sions,  having  only  two  Clyde  balanced  piston-valves  and  two  sets  of  valve  gear 
for  the  four  cylinders.  The  latter  engine  is  5  ft.  8  in.  shorter  over  alL 
With  the  abolition  of  portions  of  the  valve  gearing  and  pipe  connections  thi 
weight  of  the  engine  is  considerably  less.  The  combined  high-pressore  am 
intermediate-pressure  valve  has  five  ports ;  the  top  and  bottom  ports  take  til 
boiler  steam  into  the  high-pressure  cylinder  through  straight  ports  at  the  fa 
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and  bottom  of  the  cylinder.  The  exhaust  steam  from  this  cylinder  passes 
through  the  top  and  bottom  ends  of  the  valve  into  the  interior  of  the  valve, 
and  from  there  it  passes  through  the  ports  on  each  side  of  the  middle  or 
exhaust  port  into  the  intermediate  pressure  cylinder.  The  exhaust  from  the 
intermediate  pressure  cylinder  passes  Into  the  middle  port  of  the  valve,  then 
into  the  receiver  or  connecting  pipe  to  the  valve  for  the  two  low-pressure 
cylinders.    The  low-pressure  piston  valve  has  only  three  ports.  A.  S. 

1137.  Corrosive  and  Incrusio-corrosive  Waters  in  Steam  Generators,  H,  de 
la  Couz.  (Eel.  Electr.  22.  pp.  98-99,  Jan.  20,  1900,  from  Genie  Civil,  86.  pp. 
117,  189, 140,  Dec.  23  and  80,  1899,  and  Jan.  6,  1900.)— Three  articles  in  which 
the  corrosive  effects  of  various  substances  contained  in  solution  in  water  are 
examined,  and  methods  of  counteracting  them  are  indicated.  Some  remedies 
proposed  as  preventives  of  the  formation  of  incrustations  have  also  an  anti- 
corrosive  action  in  the  case  of  waters  depositing  incrustations  which  by 
decomposition  become  corrosive  agents.  The  author  denominates  these 
**  incriBto-corrosive "  waters.  There  are  also  cases  in  which  the  remedies 
proposed  against  incrustation  themselves  promote  corrosion  in  boilers  using 
virater  which  deposits  innocuous  incrustations. 

1.  Amongst  corrosive  agents  the  following  are  dealt  with  :  HCl  and 
chlorides  of  magnesium,  ammonium,  calcium,  and  sodium ;  sulphuric  acid 
and  sulphates  of  aluminium  and  copper ;  with  some  general  remarks  about 
nitrates,  sulphides,  sulphurous  acid,  and  HyS. 

2.  As  remedies  against  corrosion,  notice  is  taken  of  the  following  :  Zinc, 
lime,  calcic  carbonate,  soda,  potash,  alkaline  carbonates,  baric  hydrate,  and 
cart>onatc. 

The  author  made  special  experiments  with  other  substances,  such  as  salts 
of  lead,  alkaline  phosphates,  silicates,  and  borates  to  ascertain  the  range  of 
their  action  in  boilers. 

3.  The  substances  proposed  as  preventers  of  incrustation  are  many,  some 
of  them  being  found  amongst  those  named  as  anti-corrosive  agents — these 
being  thus  able  to  perform  double  functions.  The  great  matter  is  to  select 
the  reagent  best  suited  to  the  kind  of  water  used.  Magnesia,  however,  should 
not  be  thus  employed,  because  of  its  forming  corrosive  compounds  with  car- 
bonate, sulphate,  and  chloride  of  calcium. 

4.  The  author  concludes  that  the  remedies  selected  should  act  equally  as 
regards  corrosion  and  incrustation,  not  suppressing  one  action  at  the  cost  of 
favooring  the  other.  For  instance,  with  lime  purification  can  be  attained 
only  by  an  increase  of  the  mass  of  incrustation  ;  whilst  by  using  magnesia  an 
increobe  of  corrosion  may  be  produced  and  even  a  transformation  from 
incrusting  to  corroding  power. 

Alkaline  carbonates  and  oxide  of  barium  act  perfectly  as  correctives  of 
incrusto-corrosive  waters,  because  they  operate  efficiently  against  both 
tendencies  in  the  water.  F.  J.  K. 

1138.  Dust  Destructors  and  Electric  Supply.  Lauriol.  (Soc.  Int.  Elect., 
BnlL  16.  pp.  468-484,  1899.)— A  detailed  estimate  of  the  economy  in  an 
electric  supply  station  by  the  use  of  dust  destructors  as  a  source  of  energy. 
The  results  are  worked  out  for  three  calorific  values  of  refuse,  viz.,  for  50  kw. 
hours  per  ton  as  in  the  case  of  London  refuse,  for  20  kw.  hours  as  determined 
ia  Paris,  and  for  5  kw.  hours,  a  minimum  value.    Four  conditions  of  running 
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2s.,  9d.,  and  2d.  per  ton  respectively  for  the  three  classes  of  refuse.  (2)  When 
the  refuse  is  burnt  uniformly  and  the  peak  of  the  load  taken  by  coal  firing 
there  results  a  saving  of  O'ld.  to  lid.  per  ton  of  refuse.  (3)  When  the  refuse 
is  burnt  as  required  to  supply  the  load,  unless  the  load  factor  is  very  high,  the 
heavy  outlay  in  destructor  furnaces  required  to  take  the  peak  results  in  a  loss 
as  compared  with  coal  firing.  (4)  When  accumulators  are  employed  to  make 
the  load  factor  of  the  plant  100  per  cent,  a  saving  of  from  Id.  to  2s.  per  ton  of 
refuse  is  possible.  L.  B. 

1139.  Gradual  Variable  Speed  Gear.  (Engineer,  89.  p.  211,  Feb.  23,  1900.) 
— This  article  describes  the  general  arrangement  of  a  hght  motor  vehicle 
fitted  by  Lucas  (the  inventor)  with  his  expanding  pulley  gearing.  The  gear 
consists  of  two  pulleys,  one  on  the  driving  and  one  on  the  driven  shaft,  which 
are  constructed  with  a  lattice-work  ring  of  steel  strips,  lazy-tongs  fashion,  in 
such  a  way  that  they  tend  automatically  to  expand  by  virtue  of  a  toggle 
system,  actuated  by  springs.  Between  the  two  shafts  is  a  drum,  which  is 
connected  with  both  pulleys  by  means  of  two  belts.  The  drum  is  mounted 
in  bearings  upon  a  sliding  block.  By  the  action  of  moving  this  block  towards 
either  one  or  other  of  the  shafts  the  one  pulley  is  permitted  to  expand  and 
the  other  is  compelled  to  contract.  A.  G.  N. 

1140.  Motor  Vehicles  for  Municipal  Purposes.  (Automotor  Journal,  4.  pp. 
279-280,  March,  1900.) — ^This  is  a  report  giving  some  of  the  results  of  the 
trials  of  heavy  motor  vehicles  carried  out  by  the  Liverpool  branch  of  the 
Automobile  Club.  The  report  had  been  prepared  by  the  surveyor  for  the 
Chelsea  vestry,  Mr.  T.  W.  E.  Higgens,  with  a  view  to  the  employment  of 
motor  dust-collecting  vans  and  for  street  watering.  This  report,  and  one 
previously  written  by  the  same  author,  shows  that  although  these  vehicles 
cost  on  an  average  about  J6650  each,  the  work  can  be  performed  by  them  at 
a  lower  cost  and  more  quickly  than  by  horses,  and  the  streets  kept  much 
cleaner.  W.  W.  B. 

1141.  Mees  Motor  Vehicle.  (Automotor  Journal,  4.  pp.  267-278,  March, 
1900.) — The  main  features  of  this  vehicle  are  a  motor,  having  two  pistons 
in  one  cylinder,  with  pistons  moving  in  opposite  directions  and  connected 
to  cranks  at  180°  through  rocking  levers ;  the  engine  is  enclosed  and  self- 
lubricating,  and  has  but  one  set  of  valves.  On  the  end  of  the  crank-shaft, 
which  is  placed  longitudinally  in  the  car,  is  a  bevel  pinion  always  in  gear 
with  a  pair  of  bevel  wheels,  which  give  a  forward  or  backward  motion  to  the 
chain  pinion  shaft  by  means  of  two  pairs  of  clutch  band  brakes,  which  fix  or 
set  at  liberty  alternatively  the  one  or  other  of  two  forward  speeds  and  one 
speed  backwards.  The  whole  of  the  gear  is  always  in  mesh,  but  the  relative 
velocities  of  the  wheels  and  pinions  that  are  running  idle  are  not  great.  The 
motor  is  in  part  air-cooled,  water-cooling  being  adopted  for  the  combustion 
space.  The  carburettor  is  of  the  surface  type,  and  is  placed  within  the  spirit 
tank.  The  water  is  cooled  by  a  group  of  radiator  tubes  under  the  front  part 
of  the  vehicle.  W.  W.  R 

1142.  Air-cooled  Motors.  (Automotor  Journal,  4.  p.  260,  March,  1900.)-' 
This  gives  the  results  of  certain  brake-power  tests  of  a  small  air-cooled  motoTy 
like  those  used  on  motor  tricycles.  The  speed  of  the  motor  during  the  tests 
ranged  from  2,090  to  1,710  r.p.m..  and  a  feeble  air-blast  was  allowed  to  play 
upon  the  cylinder.    The  tests  each  lasted  ten  minutes,  and  in  each  case  the 
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brake  power  fell  in  that  time  from  2*88  to  2*01  and  from  2.28  to  1-65  B.H.P. 
respectively.  In  the  first  case  the  loss  in  power  in  ten  minutes  was  14  per 
cent,  and  in  the  second  case  27  per  cent.,  showing  the  necessity  for  better 
cooling.  W.  W.  B. 

1143.  Molas  Lamielle  and  Tessicr  Compnsscd  Air  Delivery  Wagon  Motor. 
P.  GuMon.  (Automotor  Journal,  4.  pp.  288-239,  Feb.,  265-257,  March, 
1900.  From  "La  Locomotion  Automobile.") — After  a  brief  description 
of  previous  work,  this  article  explains  the  main  features  of  an  air-engine 
propelled  vehicle,  in  which  it  is  claimed  that  by  using  batteries  of  thin 
tubes  the  inventors  are  able  to  carry  air  at  a  pressure  of  290  atmospheres 
with  a  weight  of  vessel  of  4*5  times  the  weight  of  air.  The  air  reservoirs 
are  divided  into  two  groups — one  of  six,  the  other  of  eleven — contain- 
ing together  about  500  litres,  or  at  the  pressure  named  178  kilogrammes, 
the  reservoirs  weighing  altogether  775  kilogrammes.  On  its  way  to 
the  motor  the  air  passes  through  a  steel-coil  tube  7  mm.  in  diameter, 
8*5  nun.  thick,  and  6  metres  in  length,  heated  by  a  mineral  spirit  burner, 
raising  its  temperature  to  about  150^  C.  by  the  consumption  of  about  500 
grammes,  or  1*1  lb.  of  spirit.  The  air  next  passes  through  a  pressure 
regulator  reducing  valve,  on  leaving  which  it  has  to  be  again  heated  by 
means  of  a  coil  similar  to  the  first.  The  motor  has  four  single-acting 
cylinders  in  two  pairs,  with  pistons  connected  to  cranks  at  180°,  the  cranks 
of  one  pair  being  placed  at  90°  to  those  of  the  other.  The  pistons  are  fitted 
with  cup  leathers,  and  the  exhaust  valves  are  of  the  mushroom  t3rpe,  the 
admission  valves  being  small  rods  with  conical  ends  sitting  in  coned  seats. 
The  valves  are  worked  by  a  rocking  lever  at  the  back  of  the  engine,  which 
receives  its  motion  from  cam-operated  slotted  links,  one  for  giving  full  move- 
ment to  the  valves  and  the  other  for  varying  the  point  of  cut-off.  This 
arrangement  is  illustrated.  The  outlines  of  results  of  trials,  dated  October  2, 
give  weight  of  vehicle  empty  as  860  kgs. ;  load  carried,  10  persons ;  distance 
traversed,  8  km.  =  4*96  miles ;  time  occupied,  1  hour  20  minutes ;  average 
speed,  6  km.,  or  8*72  miles  per  hour ;  pressure  of  air  at  starting,  136  kgs. ; 
at  end  of  journey,  55  kgs. ;  fall  in  pressure,  81  kgs.,  corresponding  to  a  weight 
of  48  kgs.  of  compressed  air,  or  6  kgs.  per  km.,  or  per  ton  km.  18  kgs.  The 
cost  of  air  compression  is  not  given.  \V.  \V.  B. 

1144.  Longuemare  Carburettor  {Heavy  Oil),  (Automotor  Journal,  4. 
pp.  260-261,  March,  1900.) — This  article  describes  a  modification  of  the 
Loogaemiare  mineral  spirit  air  carburettor  intended  for  carburation  of  air 
by  means  of  ordinary  kerosene,  or  for  the  evaporation  of  this  oil.  Oil  is 
drawn  t>y  the  movement  of  the  engine  piston  from  the  float-regulated  feed 
vessel  through  a  notched  mushroom  valve  form  of  jet-piece  ;  the  fine  jets 
thus  produced  are  carried  by  the  entering  air,  and  are  baffled  by  a  perforated 
plate  above  the  jet-piece,  both  of  which  move  or  may  move  with  every 
snction  stroke  of  the  engine.  The  body  of  the  carburettor  is  surrounded  by 
a  jacket,  which  receives  the  hot  exhaust,  and  descending  into  the  space 
througli  whidbi  the  mixed  air  and  oil  vapour  passes  on  its  way  to  the  engine 
kzaumber  ciwiagi  healed  from  the  same  source.    Fluctuation  of  exhaust 

floptnation  of  carburettor  temperature.  W.  W.  B. 


mH  CMmnm-KUingbeck   Variable-speed   Gear.     (Indus,  and  Iron,  28. 
|l]|ILRllt  JU^  J0OIL)-'Variable  speed  is  obtained  by  the  side  grip  of  a  belt 
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running  between  two  pairs  of  slightly  coned  discs,  each  pair  of  which  may 
at  will  be  separated  or  made  to  approach  each  other,  the  alteration  in  their 
distance  apart  being  made  so  that  the  surfaces  upon  which  the  belt  runs  are 
increased  and  decreased  simultaneously.  W.  W.  B. 
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1150.  Radiographic  Examination  of  Coal.  F.  Kotte.  (Eng.  Mag.  18.  p.  611, 
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paper  that  were  obtained  by  Kotte  and  Aulich. 
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1162.  A  Dry  Accumulator,  R.  Kieseritzky.  (Elekt.  Runds.  17.  pp.  90-91, 
Feb.  1, 1900.)---A  new  material  is  described  for  filling  accumulators  which  is 
said  to  smpass  all  previous  attempts  in  the  same  direction,  and  for  which  it  is 
claimed  that  it  renders  accumulators  of  all  sizes  as  convenient  to  manipulate 
as  dry  cells  without  loss  of  capacity.  At  the  same  time  it  completely  wedges 
in  the  plates  rendering  buckling  and  any  falling  out  of  the  active  material 
impossible.  No  information  is  given  as  to  the  nature  of  the  material  employed, 
and  details  as  to  weight  of  cells  per  watt  or  ampere  hour  of  capacity  are 
wanting.  The  invention  is  said  to  have  been  successfully  employed  on  the 
tramway  between  Berlin  and  Charlottenburg  for  about  two  years.      R.  N.  L. 

1163.  Glass  Insulators,  Quantin.  (Eel.  Electr.  22.  pp.  889-390,  March  10, 
1900.  Bulletin  des  Usines  Electriques,  No.  24,  p.  888,  1899.) — The  objections 
to  the  use  of  glass,  namely  "  flying"  and  attracting  water,  have  been  overcome 
by  special  annealing  and  avoiding  alkaline  constituents.  The  difEculty  of 
casting  produced  by  the  latter  precaution  has  been  overcome.  Results  of 
laboratory  tests  are  tabulated,  showing  that  in  dry  and  wet  weather  the  glass 
is  from  two  to  ten  times  better  than  similar  porcelain  samples.  Under  high 
tension  at  7,000  volts  no  brush  discharge  occurred  with  the  glass,  whereas  it 
did  with  porcelain,  which  at  14,000  volts  broke  down.  The  glass  did  not  fail 
at  this  voltage.  M.  O'G. 

1164.  Substitute  for  Indiarubher.  H.  L.  Terry.  (Electrician,  44. 
pp.  826-827,  Dec.  29,  1899.) — The  objections  to  rubber  for  deep-sea  cables  are 
its  porosity  and  the  fact  that  it  is  put  on  in  a  jointed  condition.  Substitutes 
hai-e  not  the  tensile  strength  or  resilience  of  rubber.  Resinous  bodies  favour 
less  the  diffusion  of  liquids  and  gases  than  indiarubber,  hence  the  superiority 
of  guttapercha  for  submarine  work.  Admixture  of  rubber  with  bodies  made 
from  rape  oil  by  the  action  of  sulphur  renders  these  bodies  sufficiently  soluble 
in  naphtha  to  make  a  varnish.  In  this  way  rubber  adds  to  their  utility.  Although 
water  is  objectionable  in  cable  rubbers,  several  per  cent,  of  water  as  shown  by 
the  chemical  test  may  be  present  without  detriment.  M.  O'G. 

1166.  Indiarubber  for  Cables,  O.  Schaefer.  (Electrician,  44.  pp.  426-427, 
Jan.  19,  1900.) — When  applied  in  the  "  longitudinal "  machine  the  join  effected 
by  vulcanisation  is  indistinguishable.  Only  poor  rubbers  heavily  loaded  can 
be  extruded  through  the  "  die  "  machines.  Where  there  is  damp  in  the  iron 
cable  conduits,  &c.,  all  rubber  should  be  lead-covered.  The  author  thinks 
rubber  will  be  largely  used  for  high  tension  transmission.  M.  O'G. 

1166.  Automatic  Pressure  Regulator,  £.  Dick.  (Elektrotechn.  Ztschr.  21. 
pp.  8t^-8d,  Jan.  25,  1900.) — This  regulator  comprises  a  solenoid  with  a  longi- 
tudinally guided  core  having  at  its  upper  end  a  rack  which  gears  with  a 
pinion  on  a  shaft  having  an  adjustable  weighted  arm.  The  lower  end  of  the 
core  extends  into  a  chamber  formed  by  a  series  of  iron  rings  insulated  from 
cadi  other  by  micanite  rings  and  containing  mercury.    The  iron  rings  are 
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throughout  the  building.  All  walls  (at  any  rate,  those  of  the  engine-house) 
should  be  carried  down  to  same  level  as  foundations  in  engine  beds,  and  a 
clear  si>ace  should  be  left  all  round  the  building  between  external  walls  and 
those  of  adjoining  buildings,  to  prevent  transmission  of  any  vibration. 

L.  J.  S. 

1102.  Electrical  Lifts  and  Cranes.  F.  Niethammer.  (Elektrotechn. 
Ztschr.  21.  pp.  83-88,  Jan.  11,  65-60,  Jan.  18,  1900.)— In  this  paper  the  author 
first  describes  graphical  methods  of  determining  the  acceleration,  time  of  a 
complete  lift,  and  other  quantities,  from  the  curves  giving  the  relation 
between  the  torque  and  the  speed,  the  speed  and  the  time,  and  the  current 
and  the  time.  Methods  are  also  given  for  comparing  the  relative  efficiencies 
of  different  motors  for  particular  work.  The  question  of  the  most  suitable 
generator  and  motor  is  then  discussed,  together  with  the  best  arrangement  of 
resistances  and  controlling  apparatus.  A  number  of  examples  of  brakes  and 
reversing  mechanisms  are  described,  together  with  the  counter-balance 
systenLs  of  Sprague  and  Fuller- Eraser.  Several  examples  of  travelling-cranes 
for  workshop  and  dock  use  are  then  described  with  reference  to  working 
drawings.  C.  K.  F. 

1163.  Storage  and  Transfer  of  Energy  by  Calcium  Carbide.  E.  Neul>erg. 
(Elektrotechn.  Ztschr.  21.  pp.  172-174,  March  1, 1900.)— The  author  compares 
the  change  of  the  kinetic  energy  of  a  waterfall  into  the  chemical  energy  of 
calonm  carbide,  to  that  occurring  when  a  secondary  cell  is  charged  from  a 
simOar  source  of  electrical  current.  The  calculations  made  by  the  author  in 
the  course  of  his  paper  are  based  upon  the  charges  for  current  made  by  the 
Berlin  "  Elektricitats  Werke,"  which  are  equivalent  to  18*6  pfg.  per  1,000  kg. 
caL  when  used  for  motor  purposes,  and  to  68*6  pfg.  per  1,000  kg.  cal.  when 
used  for  lighting.  Taking  carbide  at  85  M.  per  100  kg.,  the  same  amount  of 
energy  from  this  source  will  cost  16*65  pfg.  Using  these  costs  data,  the  author 
calculates  the  following  ratios  for  the  various  purposes  to  which  electricity  and 
acetylene  gas  may  be  applied  : — 

Lifting,  per  c.p.  hr Electricity,  0*151  pfg.  ...  Acetylene,  0120  pfg. 

£f«»/ii.^,  1850  g.i^er  heated)  ^.qq  2 ,74 

80-92°  C.             ) 
Motors,  per  H.P.  hr „        1455     „    ...  „        851 

The  author  sums  up  by  stating  that  the  thermochemical  data  show 
calciam-carbide  to  be  more  satisfactory  than  electricity  as  a  carrier  of 
energy  ;  but  because  electrical  apparatus  and  machinery  is  of  high  efficiency 
calciam  carbide  cannot  compete  with  electricity  except  for  lighting  purposes. 

J.  B.  C  K. 

1164.  Lift  Gear.  (Elect.  Engin.  25.  pp.  8-9,  Jan.  5,  1900.)— In  a  new  lift 
devised  by  the  Electric  Construction  Co.  there  are  two  driving  drums,  revolv- 
ing in  opposite  directions,  and  the  ropes  supporting  the  cage  pass  over  one 
aod  tmclcf  the  other  drum,  thereby  preventing  slip.  The  drums  are  driven 
b^rigfit-  and  left-handed  worms,  whose  thrusts  counter-balance  one  another. 
The  motor  is  connected  to  the  worm  shaft  by  a  claw  coupling  having  90° 
n|yy,  If  thc  load  tcnds  to  drive  the  motor,  a  resistance  in  the  field  is  short- 
diyuif^  by  thc  motion  of  .a  disc  along  a  screwed  portion  of  the  shaft  when 
the  dUw  turns  through  its  90:°  play.    Should  the  supply  mains  be  incapable  of 
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taking  the  current  thus  generated,  a  powerful  friction  brake,  normally  held  off 
by  a  shunt-coil,  comes  into  operation.  The  motor  is  started  up  through  a 
resistance,  the  cutting  out  of  which  is  not  under  the  control  of  the  driver,  but 
is  performed  by  a  switch-bar  diven  by  an  oscillating  lever  from  an  eccentric 
on  the  motor  shaft.  This  lever  carries  a  pawl  actuated  by  a  magnet,  which, 
when  all  the  resistance  is  cut  out,  is  short-circuited,  thereby  keeping  the  pawl 
out  of  action.  The  switch-bar  is  retained  by  a  band-brake  operated  by  a 
magnet,  and  when  the  circuit  is  broken  it  returns  to  the  "  all-resistance-in  " 
position,  while  at  the  same  time  the  motor  is  short-circuited  upon  itself 
through  a  fixed  resistance,  and  the  friction  brake  is  applied.  E.  H.  C.-H. 

REFERENCES. 

1166.  Electricity  in  Mining  and  Handling  of  Bituminous  Coal.  (Amer.  Elcctn.  11. 
pp.  299-300,  1899.)— Describes  the  latest  fprms  of  mining  locomotive,  coal-cutting 
machines,  and  electric  rotary  drills  used  for  mining  soft  coals,  built  by  the  Jeffrey 
Manufacturing  Company,  of  Columbus,  Ohio.  The  article  is  illustrated,  but  ho  tech- 
nical information  is  given.  LI.  B.  A. 

1166.  Comparative  Advantages  of  Electricity,  Steam,  and  Compressed  Air  for  Mining 
Purposes.  W.  E.  Garforth.  (Inst.  Civ.  Engin.,  Proc.  188.  pp.  486-439, 1899 ; 
also  Engineer  87.  p.  641.) 

1167.  Applications  of  Electricity  to  Cranes  and  Hoists  at  Cripple  Creek,  Colorado. 
(Elect.  Rev.  45.  pp.  847-848,  Nov.  24, 1899  ;  also  Engineering  and  Mining  Journal.) 

1168.  Seasoning  of  Wood  by  Electricity.  J.  A.  Montpellier.  (Electricien,  18. 
pp.  287-239  ;  pp.  255-258, 1899.)  Illustrated  description  of  the  method  of  Nodon  and 
Bretonncau.  —  (pp.  273-276)  Applications  of  wood  so  seasoned,  and  also 
particulars  of  preparation  of  wood  for  special  purposes,  non-inflammable,  extra 
durability,  colouring,  and  the  removal  of  bark. — (pp.  304-806,  Nov.  4)  Works  at 
Aubervilliers. — (p.  314,  Nov.  11)  Description  of  vats  and  heating  stoves. — (pp. 
333-835,  Nov.  18,  1899)  Costs  and  general  advantages  of  process. 

1169.  Traction  Accumulators.  J.  Reyval.  (Eel.  Electr.  20.  pp.  94-98,  124-126, 
and  836-337, 1899.) — Description  of  cells.  Remarkable  details  of  a  test  on  a  Plante 
type  of  battery  made  by  Ranun  de  Souza.  M.  O'G. 

1170.  Interior  Alternating  Current  Wiring.  R.  W.  Lohmann.  (Elect.  World 
and  Engineer,  84.  pp.  612-614,  1899.) — This  paper  contains  instructions  for  wire- 
men  to  determine  the  impedance  drop  in  an  alternating  current  circuit  of  known 
ohmic  resistance,  the  wires  of  which  are  at  a  given  distance  apart  and  which  carry 
a  known  current  of  given  frequency.  The  instructions  refer  to  the  tables  given  by 
A.  E.  Kennellyin  the  Transactions  of  the  American  Institute  of  Electrical  Engineers, 
vol.  X. 

An  elementary  explanation  of  the  "  skin  effect "  is  also  given.  W.  G.  R. 

1171.  Cost  of  Central  Station  Plant.  (Elect.  Rev.  45.  pp.  787-788,  Nov.  17, 866-^67, 
Nov.  24,  and  946-947,  Dec.  8,  1899.) 

1172.  Electricity  in  Hat  Manufacture.     (West.  Electn.  26.  pp.  89-90, 1699.)— An 
illustrated   description  of  the  application    of   electric   heat  and   power    to   the        | 
manufacture  of  hats. 

1173.  Electricity  in  Japan.  (Elect.  World  and  Engineer,  34.  pp.  849-060,  Dec  % 
1899.)~An  article  dealing  with  the  progress  of  telephony,  telegraphy,  electric 
lighting  and  general  electrical  engineering  in  Japan. 
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1174.  Three-Wire  Distribution  from  a  Single  Dynamo,  £.  Bretch.  (Elect. 
World  and  Engineer,  85.  pp.  68-69,  Jan.  18,  1900.) — In  order  to  operate  a 
direct-current  three-wire  system  from  a  single  dynamo,  the  middle  wire  must 
be  connected  to  the  armature  winding  in  some  manner.  This  connection 
may  be  made  at  one  or  more  points  symmetrically  disposed  by  means  of 
slip-rings.  In  order  to  avoid  alternating  currents  through  these  slip-rings, 
their  connections  are  carried,  before  joining  the  middle  wire,  through  choking- 
coils,  whose  self-induction  does  not  affect  the  balancing  direct-current.  To 
avoid  interference  with  the  commutation  at  the  main  brushes,  the  middle 
wire  should  be  connected  to  a  large  number  of  points  in  the  armature- 
winding,  but  for  simplicity  of  design  three  are  found  to  be  sufficient.       L.  B. 

1175.  Parallel  Working  of  Direct-Coupled  Alternators.  W.  L.  R. 
Emmet.  (Elect.  World  and  Engineer,  86.  pp.  96-96,  Jan.  20,  1900.>—A 
description  is  given  of  a  dash-pot  used  to  control  the  action  of  an  engine 
governor.  The  dash-pot  is  so  designed  as  to  be  very  sluggish  for  brief 
intermittent  alterations  in  speed,  though  yielding  freely  to  any  continued 
change,  such  as  would  be  produced  by  a  change  of  load.  The  main  piston  of 
the  dash-pot  has  first  to  move  a  small  subsidiary  piston,  which  then  opens  a 
passage  allowing  free  motion  of  the  oil  filling  the  pot.  Governors  controlled 
by  such  means  appear  to  give  satisfactory  results  in  practice.  W.  H.  E. 

1176.  Parallel  Working  of  Direct-Coupled  Alternators,  F.  G.  Sykes. 
(Elect  World  and  Engineer,  86.  p.  177,  Feb.  8,  1900.) — In  working  two  large 
sets  in  parallel  (26-cycle,  three-phase,  slow  speed,  with  heavy  fly-wheels)  it 
was  found  that  the  load  could  not  be  changed  from  one  to  the  other,  as  the 
cross-current  became  excessive.  The  difficulty  has  been  removed  by  using  a 
more  viscous  oil  in  the  governor  dash-pots,  and  at  the  same  time  arranging 
that  the  engine  speed  should  be  controlled  by  the  switchboard  attendant. 
The  latter  condition  is  secured  by  using  an  electric  motor  to  act  on  the 
governor,  the  motor  being  controlled  from  the  switchboard.  This  speed 
control  is  found  to  be  very  useful  in  throwing  the  sets  into  parallel,  and  is 
farther  employed  in  changing  the  load  from  one  set  to  the  other  ;  while  the 
cross-ciirrent  is  eliminated  by  suitable  regulation  of  the  field  excitation  of  the 
two  ahemators.  W.  H.  E. 

1177.  T€sts  of  Multiphase  Alternators  for  the  Cusset  Generating  Station. 
J.  L.  Routin.  (6cl.  Electr.  21.  pp.  441-461,  Dec.  28, 1899.)— The  tests  were 
nynff>  by  the  Behn-Eschenburg  method,  in  which  the  power  of  the  driving 
motor  need  not  be  more  than  10  or  20  per  cent,  of  the  output  of  the  alternator. 
By  a  simple  graphical  construction  this  method  permits  the  determination  of 
tbe  voltage  at  the  alternator  terminals  running  on  an  inductive  circuit  as  a 
fBQCtkm  of  the  exciting  current.  The  article  is  well  illustrated,  and  there  are 
vxteeo  tables  giving  results  of  tests.  E.  K.  S. 

Un.  Design  cf  Manophai^.  and  Polyphase  Generators.  B.  A.  Behrend. 
(Beet  IVMd  afid  Engineer,  8tw  pp.  90-92,  Jan.  20 ;  126-127,  Jan.  27,  and  166- 
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168,  Feb.  3, 1900.) — ^The  author  discusses  the  various  points  affecting  the  design 
of  alternators,  and  condemns  inductor  alternators  as  unsatisfactory  on  account 
of  the  high  leakage  of  lines  between  field  and  armature.  The  question  of 
frequency  is  one  which  also  should  be  considered  when  designing  an 
alternator,  as  some  machines  work  better  than  others  at  a  particular  frequency. 
The  best  frequency  for  a  given  machine  depends  upon  the  dimensions  of  the 
pole-pieces.  W.  G.  R. 


1179.  Theory  of  Induction  Motors,  J.  Heubach.  (Elektrotechn.  Ztschr. 
21.  pp.  78-78,  Jan.  26,  and  pp.  97-101,  Feb.  1, 1900.)— In  a  former  communica- 
tion (see  1899,  Abstract  No.  1976)  the  author  considered  the  application  of  the 
Heyland  diagram  to  the  study  of  induction  motors  under  normal  conditions 
of  working.  In  the  present  paper,  the  results  then  arrived  at  are  extended  to 
include  slips  ranging  from  —  oo  to  -|-  oo.  As  the  author  points  out,  it  may 
happen  that  under  ordinary  conditions  of  working  a  motor  is  made  to  run 
with  a  negative  slip,  or  with  one  exceeding  100  per  cent.  Such  cases  may 
arise  in  the  working  of  cranes  which  have  accidentally  been  overloaded,  or  in 
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the  case  of  tramcars  running  down  an  incline.  Making  use  of  the  Heyland 
diagram,  and  then  plotting  the  results  in  rectangular  co-ordinates,  the  author 
arrives  at  the  set  of  curves  given  below,  which  show  how  the  various 
quantities  involved  vary  as  the  slip  changes  from  —  oo  to  -h  cx>.  The  second 
part  of  the  paper  deals  with  single-phase  motors,  the  single-phase  motor  bein|; 
supposed  to  be  replaced  by  an  equivalent  pair  of  pol3rphase  motors.  Curvet 
similar  to  the  above  are  given  for  the  single-phase  motor.  In  the  concluding 
portion  of  the  paper,  the  author  explains  how  the  Heyland  diagram  must  be 
modified  so  as  to  include  the  hysteresis  and  eddy-current  losses.  A.  H. 

1180.  Rotary  Converters,    J.  Herrmann.    (Elektrotechn.  Ztschr.  21.  i^. 
60-61,  Jan.  18, 1900.) — ^The  rotary  converters  employed  in  practice  in  spite  ol  j 
recent  improvements  are  still  at  least  as  expensive  in  manufacture  as  direct 
current  generators.     The  object  of  the  separately  excited  magnetic  system  it  ^ 
not  to  generate  an  E.M.F.  in  the  winding  as  in  the  dynamo,  but  merely  to  keep 
the  armature  rotating  in  phase  with  the  alternating  E.M.F.    If  the  armatur 
were  driven  by  a  separate  synchronous  motor  the  field  poles  might  t 
replaced  by  a  simple  iron  ring,  though  this  would  involve  the  loss  of  the  regi 
lation  of  power  factor  which  is  rendered  possible  by  varying  the  excitatioa' 
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converters.  The  machine  might  be  further  simplified,  first  by  replacing  the 
fixed  field  ring  by  a  radial  extension  of  the  armature  core  beyond  the  holes 
for  the  winding,  and  then  by  iieeping  the  whole  armature  fixed  and  rotating 
tbe  bmshes.  Such  a  machine  made  at  the  Stuttgart  Technical  Institute  is 
described.  The  arrangement  of  Hutin  and  Leblanc  is  derived  from  this  by 
connecting  the  winding  of  the  fixed  armature  by  means  of  slip  rings  to  the 
bars  of  •>  rotating  commutator.  The  armature  can  also  combine  tbe  function 
of  a  static  transformer  if  provided  with  two  windings,  and  can  then  be  used 
either  as  a  converter  or  as  a  polyphase  transformer.  L.  6. 

1181.  Thtory  of  Induclion  Malory.  Heyland.  (Elektrotechn.  Ztschr.  21. 
p.  146,  Feb.  IS,  1900.)— Referring  to  Heubach's  article  on  this  subject  (see 
Abstract  1179),  the  writer  points  out  that  the  results  obtained  by  him 
may  be  graphically  exhibited  in  a  much  more  striking  form  by  plotting  the 


various  quantities  involved,  not  as  functions  of  the  slip  (sec  curves  of 
Abstract  1179),  but  as  functions  of  the  electrical  power  supplied  to,  or 
developed  by,  the  motor.  The  diagram  here  reproduced  shows  the  elegant 
coostniction  which  is  then  arrived  at.  A.  H. 


REFERENCES. 

1182.  Theory  of  Armature  Windiiigi.  C.  Richter.  (ZeiUchr.  Elektrotechn., 
Wien.  18.  pp.  8-18,  Jan.  1  ;  33-86,  Jan.  II ;  and  67-76,  Feb.  4,  1900.)— An  elaborate 
discussion  of  the  conditions  which  must  iK  fulfilled  in  various  cases  in  order  to 
render  a  closed  winding  possible.  A.  H. 

Ilea  Commutation  in  Dynamos.  (Elect.  Rev.  16.  pp.  43-45,  Jan.  13 ;  86-87,  Jan.  19 ; 
ni-SIS,  Feb.  9  ;  and  pp.  299-300,  Feb.  33, 1900.)— Papers  of  a  mathematical  nature, 
dtaJing  vrith  questions  of  design,  and  recent  contributions  to  the  subject. 
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ELECTRICAL    DISTRIBUTION,    TRACTION    AND 

LIGHTING. 

1184.  Transformations  of  Polyphase  Systems.  C.  F.  Scott.  (Zeitschr. 
Elektrotechn.,  Wien,  18.  pp.  18-14,  Jan.  1, 1900.)— By  means  of  a  single  auto- 
transformer,  the  author  effects  the  transition  from  two-phase  to  three-phase 
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currents.  Fig.  1  is  a  vector  diagram  of  the  E.M.F.'s  in  the  two-phase  generator 
and  auto-transformer,  while  fig.  2  shows  how  such  a  combination  may  be 
used  for  distribution  purposes,  suppl3dng  simultaneously  single-phase,  two- 
phase  and  three-phase  currents.  A.  H. 

1185.  Compensation  of  Drop  on  Transmission  Lines,  E.  J.  Berg.  (Elect. 
World  and  Engineer,  86.  pp.  60-68,  Jan.  18, 1900.)— The  drop  in  voltage  over 
an  alternate  current  transmission  line  may  be  neutralised  by  connecting 
across  the  mains  at  some  point  a  condenser  of  sufficient  capacity  or  an  over- 
excited synchronous  motor.  The  latter  case  is  considered  in  detail  by  means 
of  an  example  of  a  20-mile,  1,000  kw.,  60  rvj  ,  10,000  volt,  100  amp.  transmission. 
Allowing  a  10  per  cent.  C*R  loss,  the  mains  have  a  diameter  of  0*46  inch 
and  a  total  resistance  of  10*4  ohms.    The  reactance  of  the  line, 

/>L  =  2ir  no  X  80-6  (21oge  2s  +  i)  10-*, 

where  5  =  ratio  of  distance  between  the  wires  to  the  diameter  of  cither. 
Taking  18  inches  as  the  distance  between  the  wires,  ph  =  22*6  ohms  and  the 
impedance  z  =:  y/  R'  -h  ^'L'  =  24*8  ohms.  Under  these  conditions  the  drop 
in  the  line  is  18  per  cent.    To  balance  this  drop,  a  leading  wattless  current  of 
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is  required,  where  C  is  the  useful  current.  In  the  above  example  this  gives  a 
leading  current  of  66  amperes.  To  supply  this  an  over-excited  synchronous 
motor  of  at  least  660  kw.  would  be  required  running  light.  By  making  it 
slightly  larger,  a  large  proportion  of  its  rated  load  can  be  taken  off  as  power 
without  neutralising  its  boosting  effect.  Curves  are  given  showing  the  effect 
of  placing  the  motor  at  different  points  of  the  line.  The  size  of  motor 
to  give  an  over-compounding  effect  at  the  far  end  of  the  line  is  also 
calculated.  If  a  fixed  percentage  drop  is  allowed  in  the  line,  the  size  ci  the 
regulating  motor  may  be  reduced  and  it  will  be  called  upon  to  sopply 
lagging  currents  at  light  load  and  leading  currents  at  full  load,  obtained 
^v  varying  the  exciting  current.    Calculations  are  given  in  full.  L.  B* 
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1186.  Graphical  Calculations  for  Three-Phase  Concentric  Underground  Mains. 
C.  E.  Gruye.  (l£cL  Electr.  22.  pp.  8a-67,  Jan.  20,  1900.)— The  author  shows 
how  to  construct  a  geometrical  figure  representing  the  currents,  voltages,  and 
phase  differences  occurring  in  a  three-phase  concentric  underground  line 
conveying  power.  To  simplify  the  problem  the  capacity  between  adjacent 
conductors  is  assumed  to  be  concentrated  at  the  middle  of  the  cable,  and  the 
self-induction  of  the  conductors  is  in  the  first  instance  neglected.  There  are 
three  capacities  considered,  the  two  on  each  side  of  the  intermediate  con- 
ductor, and  the  third  between  the  outer  conductor  and  the  protecting  sheath. 
No  numerical  calculations  are  given,  but  the  figure  indicates  how  the  cable 
may  cause  distortion  from  the  symmetrical  conditions  of  supply  of  the  three- 
phase  current.  A  second,  and  more  elaborate,  diagram  is  shown  in  which  the 
modification  due  to  self-induction  in  the  line  conductors  is  considered. 

In  view  of  the  fact  that  the  capacity  of  the  cable  is  distributed  along  its 
entire  length,  and  also  because  actual  alternating  currents  are  not  purely 
sinuous,  but  possess  harmonics  of  higher  frequencies,  the  author  points  out 
that  no  figure  can  be  precise  for  practical  cases.  The  important  question  which 
has  to  be  decided  in  actual  cases  is  whether  the  perturbations  caused  by  the 
cable  are  of  appreciable  magnitude.  This  can  generally  be  done  by  neglect- 
ing the  effect  of  the  line  resistance  and  inductance.  The  diagram  under 
these  circumstances  is  much  simpler,  and  renders  it  easy  to  calculate  the 
order  of  magnitude  of  these  perturbations.  W.  E.  S. 

1187.  Electric  Equipment  of  a  Printing  Establishment,  G.  A,  Damon. 
(Amer.  Electn.  12.  pp.  67-69,  Feb.,  1900.) — An  illustrated  description  of  the 
equipment  of  the  "  St.  Louis  Republic  "  Newspaper  Offices  for  both  power 
and  lighting.  Power  is  taken  from  the  mains  of  the  local  electric  light  com- 
pany, which  supplies  direct  current  over  a  three-wire  system  at  470  volts 
across  the  outers,  with  the  neutral  grounded.  The  current  passes  into  the 
building  through  a  switchboard  provided  with  a  separate  switch  for  each  of 
the  nine  circuits  which  supply  the  different  classes  of  service.  From  the 
switchboard  each  circuit  on  its  way  to  its  respective  part  of  the  building 
passes  through  two  Thomson  wattmeters  in  series — one  wattmeter  for  the 
supply  company  and  the  other  for  the  customers,  each  acting  as  a  check 
upon  the  other.  These  wattmeters  in  each  circuit  furnish  a  ready  means  of 
checking  the  cost  of  power  used  by  each  department,  and  of  suggesting 
measures  for  obtaining  greater  economy. 

In  connection  with  the  motor  equipment  the  application  and  the  speed 
control  of  the  press  motors  was  the  most  serious  problem.  The  printing  of 
the  paper  requires  three  Hoe  quadruple  presses,  each  capable  of  printing 
24,000  papers  per  hour.  The  main  driving  shaft  of  each  press  turns  200 
times  a  minute,  and  is  driven  by  gearing  from  a  40- H. P.  four-pole  motor 
running  at  700  r.p.m.  The  method  of  speed  control  adopted  is  the  combina- 
tion of  armature  resistance,  field  regulation,  and  the  '^ teaser"  system  as 
developed  by  the  Crocker- Wheeler  Company.  In  operating  newspaper 
presses  it  is  essential  to  provide  five  or  six  very  slow  speeds  to  be  used  in 
adjusting  the  presses  and  in  threading  through  the  paper  while  ''making 
ready "  to  run  an  edition.  In  doing  this  work  the  press  attendants  become 
familiar  with  certain  speeds,  and  any  variation  not  only  hinders  them  in  their 
work,  hat  is  also  liable  to  prove  dangerous  to  the  hands,  who  are  trained  to 
certain  motions.  The  slow  speeds  must  therefore  be  constant,  and  they  are 
by  the  use  of  a  "  teaser,"  or  small  motor  generator,  running  at  con- 
yeedy  the  motor  end  taking  its  current  from  the  470-volt  mains,  while 
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thirteen  miles  long,  and  for  these  the  pressure  is  transformed  up  to  6,000 
volts.  As  in  the  City  Road  station,  it  is  intended  here  also  to  change  over  to 
a  60  f\j  two-phase  system  ultimately.  Babcock  boilers,  Green's  economisers, 
and  Ferranti  switchboards  are  employed  at  both  stations.  Details  are  given 
of  the  distributing  network,  also  illustrations  of  the  plant  and  load  curves 
taken  under  various  conditions.  L.  B. 

1189.  T€sis  of  Steam  Alternators  at  Zurich.  H.  Wagner.  (Elektrotechn, 
Ztschr.  21.  pp.  147-161,  Feb.  22,  1900.)--A  detailed  account  is  given  of  tests 
of  the  boilers,  engines,  and  alternators  recently  installed  at  the  central  station 
supplying  the  town.  The  boilers,  seven  in  number,  were  made  by  Escher, 
Wyss  &  Co.,  and  are  of  a  composite  type.  Each  consists  of  a  lower  boiler  of 
the  Lancashire  type,  connected  with  an  upper  boiler  which  is  multi- 
tubular (fire-tubes).  The  lower  shell  measures  16  ft.  6  in.  by  7  ft.  9  in., 
and  the  upper  12  ft.  10  in,  by  7  ft.  2  in.  The  latter  has  106*wrought-iron 
welded  tubes  (8}  inches),  and  is  fitted  with  a  steam  dome.  Two  tubes 
connect  the  boilers,  the  one  to  take  steam  to  the  upper  boiler  from  the  lower, 
and  the  other  to  supply  water  to  the  lower  from  the  upper.  The  lower  boiler 
can  also  be  fed  direct.  A  Schworer  superheater  is  fitted  in  the  Hue  between 
the  two  boilers.  The  grate  area  is  86  square  feet,  and  the  heating  surface 
1,940  square  feet.  The  fuel  used  is  coke,  and  the  working  pressure  126  lbs. 
per  square  inch.    Some  of  the  results  of  the  trials  are  appended  : — 

Water  evaporated  per  lb.  (gross)  of  coke 16*8  lbs. 

„  „  per  square  foot  of  heating  surface  per  hour    2*0   „ 

Coke  burned  per  square  foot  of  grate  area  per  hour 16.0   „ 

" Efficiency  "  of  boiler    762  % 

The  engines  are  tandem  compound  condensing,  by  Sulzer,  with  valve 
regulation.  They  were  guaranteed  to  give  1,160  I.H.P.  and  1,000  effective 
H.P.  with  cut-o£E  at  0*28  in  the  high-pressure  cylinder,  and  1,870  I.H.P.  and 
1,200  effective  H.P.  with  cut-off  at  0*40;  with  117  lbs.  steam  pressure  and 
speed  100  r.p.m.  At  a  trial  made  with  1,167  I.H.P.,  the  weight  of  water  used 
per  I.H.P.  per  hour  was  18*1  lbs.  The  effective  H.P.  was  taken  as 
1467  —  (67  -I- 44),  67  being  the  I.H.P.  at  no  load,  and  44  being  allowed  for 
additional  friction  at  full  load,  viz.,  4  per  cent,  of  the  load.  This  gives  an 
efficiency  of  91*8  per  cent.  In  this  test  the  friction  of  the  alternator  was 
included.    (H.P.  here  used  =  English  H.P.  less  1*4  per  cent.) 

The  alternators  are  three-phase  machines  of  the  Oerlikon  inductor  type, 
each  being  direct  coupled  to  its  engine,  with  the  inductor  acting  as  a  flywheel. 
They  can  be  used  as  single-phasers  by  putting  two  of  the  windings  in  series 
and  switching  out  the  third.  The  armature  of  the  exciter  is  mounted  on  the 
shaft  of  the  alternator,  and  in  some  of  the  tests  was  used  to  drive  it  in  order 
to  find  the  iron  losses  and  friction,  the  engine  being  uncoupled. 

Guaranteed  output,  with  power  factor  =  0'86,  1,200  kilovolt-amperes  ; 
pressure,  2,000  volts ;  periodicity,  60 ;  speed,  100  r.p.m. ;  total  weight, 
40  tons ;  weight  of  rotor,  26^  tons ;  diameter,  16  feet. 

After  a  run  of  8J  hours  with  a  water-resistance  load  of  760  kw.,  the 
^neatest  temperature  rise  was  19°  C.  in  the  armature.  The  exciting  current 
required  was  42  amperes  at  26  volts ;  for  a  large  inductive  load  this  has  to  be 
increased  to  120  amperes.  The  efficiency  of  the  set,  with  760  kw.  load,  was 
8B  per  cent  (ratio  of  effective  E.H.P.  to  I.H.P.).  Friction  losses  of  alternator, 
16  kv^  or  1*0  per  cent,  of  full  load ;  iron  losses,  22*6  kw.  Total  excitation 
4*8  kw:     With  860  amperes  the  calculated  C'R  loss  in  the  arma* 


440  SCIENCE  ABSTRACTS. 

ture  =  24  kw.  (R  for  one  limb  being  0"067  ohm) ;  by  tests  this  loss  was  found 
to  be  27  kw.,  including  eddy  losses.  With  a  load  of  940  kw.  at  2,000  volts 
and  power-factor  =  0*8,  the  efficiency  of  the  alternator  was  98*6  per  cent., 
including  friction  losses;  and  with  a  non-inductive  load  of  760  kw.  the 
efficiency  was  98'8  per  cent. 

The  two  alternators  were  switched  in  parallel  without  difficulty,  with  any 
load,  and  ran  in  parallel  without  a  trace  of  hunting. 

Taking  the  efficiency  of  the  set  as  88  per  cent.,  the  coke  used  per  kw.  hoiir 
was  2'9  lbs.  In  daily  work  on  the  town  load  the  average  fuel  consumption 
for  three  months  (September  to  November)  has  been  4*6  lbs.,  of  which  8  per 
cent,  was  coal. 

The  average  evaporation  has  been  14*6  lbs.  of  water  per  lb.  of  fuel, 
although  most  of  the  coke  was  unusually  moist.  With  fairly  dry  coke  the 
results  are  expected  to  be  10  per  cent,  better. 

The  paper  concludes  with  a  brief  description  of  three  200  kw.  Oerlikon 
motor  generators,  which  are  used  for  feeding  part  of  the  town  tramways 
from  a  substation.  Each  consists  of  a  three-phase  1,950  volt  motor  coupled 
to  a  four-pole  550  volt  dynamo.  The  efficiencies  of  conversion  at  quarter,  half, 
and  full  load  respectively  are  75,  85,  and  88  per  cent,  the  apparent  efficiencies 
being  65,  72,  and  79  per  cent.  W.  H.  E. 

1190.  Chamhly  Transmission  Plant,  £.  M.  Archibald.  (Canad.  Elect. 
News,  10.  pp.  1-6,  Jan.,  1900.) — ^The  transmission  of  electrical  power  from 
Chambly  to  Montreal  was  inaugurated  in  June,  1899.  The  Royal  Electric 
Company  has  for  many  years  been  supplying  the  great  bulk  of  the  electric 
light  and  power  service  in  Montreal,  Canada,  and  has  up  to  the  present  been 
utilising  steam  power  for  generating  purposes.  The  company  secured  control 
of  an  immense  water  power  situated  at  Chambly,  on  the  Richelieu  River, 
about  fifteen  miles  from  Montreal.  It  was  found,  after  careful  calculation, 
that  the  cost  of  water  and  steam  power  for  the  size  of  the  plant  necessary — 
8,000  H.P. — was  almost  equal,  but  that  for  any  increase  in  size,  the  water 
power  decreased  at  a  much  more  rapid  rate  than  did  steam. 

A  contract  was  accordingly  drawn  up  whereby  the  Chambly  Manufac- 
turing Company  was  to  supply  the  Royal  Electric  Company  with  a  specified 
amount  of  power  in  Montreal,  with  provision  for  increase,  the  steam  plant 
remaining  as  at  present  for  two  years  to  provide  for  possible  contingencies. 

The  hydraulic  equipment  of  this  plant  has  previously  been  fully  described 
in  the  above  journal,  and  this  article  deals  solely  with  the  electrical  equip- 
ment. The  generators,  eight  in  number,  were  specially  designed  for  this 
plant.  Each  is  a  2,000-kw.  two-phase  inductor  machine  running  at  158  r.p.m, 
and  generating  current  at  12,000  volts  directly  at  the  machine  at  66  cycles 
per  second.  Owing  to  the  high  voltage  generated  in  the  machine,  all  joints 
in  the  armature-coils  are  made  with  the  greatest  care.  The  joint  after  having 
been  carefully  soldered  is  covered  with  several  layers  of  pure  rubber  tape, 
over  which  a  composition  of  rubber  and  sulphur  is  placed,  and  covered  all 
over  with  several  layers  of  insulating  tape.  The  joint  is  then  soaked  ia 
boiling  paraffin  wax,  which  vulcanises  the  rubber,  thus  producing  a  joint  such 
that  there  is  no  break  in  the  complete  insulation  of  the  wire. 

Such  joints  as  these  are  made  in  connecting  the  armature  coils  together, 
and  for  all  switchboard  work.  The  base  of  one  of  these  machines  is  a 
hollow  rectangular  casting,  whose  outside  dimensions  are  17  ft  2  in,  long  by 
10  ft.  11  in.  wide  and  25  inches  thick,  weighing  no  less  than  100  tons. 
It  is  set  on  a  concrete  bed.    Resting  on  this  base  is  the  armaturey  biult  op 
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in  two  parts,  an  upper  and  a  lower,  bolted  together  in  the  middle.  This 
armature  is  15  feet  in  diameter  and  6  ft.  6  in.  wide.  The  coils  are  all 
machine  wound,  very  carefully  insulated,  and  intersect  each  other,  the  inner 
curving  round  the  outer  so  as  to  be  in  quadrature.  The  single  tield  coil, 
resting  on  the  armature  in  a  slot  specially  prepared  for  it,  has  slightly 
smaller  diameter  than  the  armature  and  is  wound  of  bare  copper  strip  insu- 
lated with  japan  and  insulating  linen.  The  joints  in  this  strip  are  butted 
together  and  soldered  with  a  special  solder,  thus  producing  a  joint  no 
thicker  than  a  copper  strip. 

The  inductor,  built  of  laminated  iron,  and  weighing  80  tons,  is  the  only 
revolving  element  in  the  whole  construction. 

The  air-gap  between  the  inductor  and  armature  is  i  inch.  The  field 
excitation  is  very  small,  being  only  }  of  1  per  cent,  of  the  total  output  of 
the  machine.  The  shaft  to  which  the  spider  containing  the  inductor  is 
attached  is  12  inches  in  diameter  and  is  coupled  directly  to  the  turbines. 
Two  exciters  are  provided,  each  of  which  is  capable  of  fully  exciting  the 
complete  installation. 

From  the  alternators  and  exciters  the  cables  pass  through  ducts  in 
the  concrete  floor  to  the  cable  tunnel  situated  under  the  switchboard 
gallery.  This  cable  tunnel  has  a  vaulted  roof,  and  is  of  sufficient  height  and 
width  to  allow  free  passage  to  several  persons  walking  :ibreast.  The  cables, 
which  are  all  lead-armoured,  are  placed  on  racks  in  the  cable  tunnel  and  are 
passed  through  ducts  in  the  solid  concrete  to  reach  their  respective  places  on 
the  switchboard.  The  rubber  insulation  on  all  cables  is  Vi  inch  thick,  and 
they  are  tested  to  40,000  volts.  The  switchboard  is  of  marble  and  was 
tested  up  to  20,000  volts.  The  wooden  framing  was  soaked  in  asbestos  paint 
to  make  it  fireproof  and  increase  its  insulation. 

There  are  two  sets  of  'bus  bars.  These  have  a  Vr  inch  rubber  insulation, 
wth  a  thick  jute  outer  covering.  This  was  used  instead  of  lead  armouring 
on  account  of  there  being  no  possibility  of  a  static  charge  collecting,  as 
would  be  possible  in  the  latter  case. 

The  high-tension  switches  employed  are  of  a  novel  type.  As  they  appear 
on  the  switchboard  there  is  only  a  small  iron  frame  in  which  a  long  wooden 
lever  may  be  turned  through  a  120  degree  arc,  and  a  small  iron  handle  placed 
above.  This  latter  is  connected  by  means  of  a  lever  on  the  back  of  the 
switchboard  to  two  valves,  each  placed  in  an  air-duct  into  which  air  is 
pumped  from  a  fan  blower.  These  air-ducts  are  two  wooden  boxes  running 
the  entire  length  of  the  switchboard,  and  are  situated  so  that  when  the  valve 
is  open  a  jet  of  air  impinges  on  the  contacts  of  the  high-tension  switch,  thus 
destroying  the  arc.  The  iron  handle  directly  above  the  high-tension  switch 
cannot  be  opened  until  the  valve  in  the  air-duct  is  opened,  thus  always 
insuring  an  air-blast  on  the  breaking  contacts.  Two  45-inch  Sturtcvant  fans 
are  employed  for  producing  the  air-blast.  For  the  switch  itself  the  moving 
lever  on  the  face  of  the  board  is  directly  connected  to  a  rocking  lever,  which 
moves  a  trolley  to  and  fro  containing  the  dead  side  of  the  switch.  This  trolley 
moi'cs  forward  and  engages  with  one  set  of  contacts  connected  to  the  upper 
bos  bars,  or  backwards  to  the  lower 'bus  bars, according  as  the  lever  is  moved 
to  the  right  or  to  the  left  of  the  centre.  The  contacts  of  the  two  sets  of  'bus 
bars  arc  9  feet  apart,  and  though  the  **  off  "  position  of  the  trolley  is  midway 
between  the  two,  a  break  of  6  feet  may  be  produced  by  moving  the  lever 
sligliUy  past  the  centre.    To  prevent  arcs  from  jumping  from  one  switch  to 
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Air-cooled  transformers  are  employed  for  reducing  the  voltage  to  500 
volts — ^that  required  by  the  two-phase  induction  motors  for  driving  the  fans. 
The  transmission  lines  will  eventually  consist  of  four  4- wire  two-phase  cables 
on  two  separate  systems  of  poles.  No  fuses  or  circuit-breakers  are  used  in 
the  line,  as  the  generators,  on  account  of  the  great  inductance  of  their 
armatures,  will  carry  a  short-circuit  for  a  short  time  without  any  injury. 
The  transmission  wires  of  bare  copper  are  placed  18  inches  apart,  and  are 
carried  on  triple  petticoat  porcelain  insulators  tested  to  40,000  volts.  For 
protection  against  lightning  three  barbed  wires  are*  earthed  at  every  pole, 
one  being  on  the  top  of  the  pole,  and  the  other  two  at  the  outer  ends 
of  the  upper  cross-arm  ;  all  are  mounted  on  glass  insulators,  these  being  used 
on  account  of  the  less  liability  to  fracturing  the  barbed  wire  and  thus 
producing  a  short-circuit,  than  when  secured  by  ordinary  staples.  Lightning 
arresters  and  choke-coils  are  provided  at  four  places  on  the  line  where  it 
passes  underground,  as  well  as  at  the  power  house.  At  such  points  there 
are  eight  gaps  between  each  line  and  the  ground,  each  gap  being  for 
2,000  volts.    The  line  loss  is  about  10  per  cent,  at  full  load. 

At  the  substation  in  Montreal  the  voltage  is  reduced  to  the  city  voltage 
of  2,800  volts  by  means  of  twenty-four  200-kw.  single-phase  transformers 
immersed  in  mineral  oil  and  water  cooled.  Power  and  light  are  supplied 
from  the  same  circuits,  the  slight  regulation  being  performed  by  hand  at  the 
distributing  board,  the  machines  themselves  having  an  inherent  regulation 
of  10  per  cent.,  between  no  load  and  full  load.  As  each  phase  is  independent 
in  the  two-phase  system  no  method  is  needed  to  balance  the  loads  on  either 
phase,  except  that  in  order  to  obtain  the  full  capacity  of  the  machine  each 
phase  must  be  fully  loaded.  L.  J.  S. 

1191.  Works  of  the  Kin^s  County  Electric  Light  Co,,  Brooklyn,  N.Y.  (Elect 
Rev.  N.Y.  85.  pp.  828-826,  Nov.  22,  1899.)— This  article  deals  fully  with  the 
coal-hoisting  and  conveying  mechanism  which  handles  the  incoming  fuel  for 
the  boilers ;  and  also  with  the  arrangement  of  mechanical  stokers  and  auto- 
matic  ash  hoppers.  The  present  installation  of  generating  units  comprises 
four  sets  of  1,000  H.P.  each  and  it  is  intended  subsequently  to  install  two 
other  sets  each  of  2,000  H.P.  The  dynamos,  direct-coupled  to  horizontal 
cross-compound  engines,  are  of  the  three-phase  type  with  stationary  arma- 
tures. They  are  designed  to  operate  at  98J  r.p.m.  and  to  give  three-phase 
current  at  25  cycles  per  second  and  6,000  volts.  The  installation  includes 
two  direct-coupled  exciter  units.  The  arrangement  of  the  switchboard  is 
such  that  the  operators  in  the  station  arc  nowhere  brought  into  proximity 
with  the  high-tension  circuits.  The  high-tension  apparatus  is  installed  in 
a  cellar,  and  only  the  handles  for  manipulating  the  switches  extend  up 
into  the  main  engine-room,  the  current-carrying  parts  all  being  on  the 
floor  below. 

All  the  energy  from  the  central  station  will  be  transformed  either  to  direct 
current  by  the  use  of  synchronous  converters  at  substations,  or  rectified  for 
arc  lighting,  or  into  mechanical  energy  and  out  again  as  some  other  form  of 
current  through  synchronous-motor  driven  dynamos.  The  experiment  of 
rectifier  lighting  is  to  be  undertaken  on  a  somewhat  large  scale  by  the  Kid^ 
County  Company. 

The  situation  of  this  corporation  with  regard  to  the  electric-lighting 
industry  of  Brooklyn  is  such  that  all  the  present  generating  plants 
all  substations  now  in    use    may  become  centres  of   distribtttkm  10^;"*^ 
central  service. .^.' n^ 
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The  present  plan  for  the  distribution  of  electric  current  in  Brooklyn  is 
that  the  above-described  station  is  to  be  the  middle  one  of  three  along  the 
East  River  and  bay  side  of  the  borough  of  Brooklyn.  The  first  of  these 
stations  is  that  at  Bay  Bridge,  which  feeds  a  large  territory  in  the  southern 
part  of  the  borough.  The  new  station,  which  is  almost  under  the  shadow  of 
the  Brooklyn  Bridge,  being  situated  a  few  hundred  yards  north  of  it,  is 
intended  to  supply  the  central  and  populous  districts  of  Brooklyn  and 
Williamsburgh. 

It  is  proposed  to  erect  another  large  station  at  a  point  further  north,  which 
will  supply  the  neighbouring  districts.    (See  also  1899,  Abstract  No.  1796.) 

L.  J.  S. 

1192.  Transforming  Station  of  the  Buffalo  General  Electric  Co.  (Amer. 
Electn.  12.  pp.  69-67,  Feb.,  1900.)--The  Niagara  Cataract  Power  and  Conduit 
Company  delivers  8,000  H.P.  three-phase  current  at  360  volts  and  26  cycles 
per  second  to  the  central  station  of  the  Buffalo  General  Electric  Co.  This 
central  station  delivers  four  classes  of  service  ;  namely,  constant  current  for 
arc  lights,  62  cycle  alternating  current  for  the  incandescent  lighting  in  the 
scattered  districts,  600  volt  direct  current  for  motors,  and  220  volt  three-wire 
direct  current  for  the  local  incandescent  lighting.  The  station  is  unique  in 
that  there  are  no  steam  or  hydraulic  prime  movers,  all  mechanical  power 
being  obtained  from  alternating  current  motors  fed  from  Niagara. 

The  plant  consists  of  fourteen  160-kw.  induction  motors  driving  twenty- 
dght  125-light  arc  machines ;  two  426-kw.  induction  motors  driving  single- 
phase  alternating  current  generators,  giving  current  at  62  cycles  per  second  ; 
one  426-kw.  induction  motor  driving  two  direct-current  generators,  each 
200-kw.,  180  to  190  volts ;  two  200-kw.  and  two  100-kw.  rotary  converters ; 
two  80-H.P.  exciter .  sets ;  160  Chloride  (76  on  each  side)  accumulator  cells 
having  a  rated  capacity  of  8,000  amperes  for  a  labour  discharge  rate. 

The  original  apparatus  for  supplying  the  direct-current  load  consisted  of 
two  100-kw.  126-volt  rotary  converters  which  were  run  in  series  with  each 
other  on  their  direct-current  ends  across  the  three-wire  system.  The 
machine  is  illustrated  and  attention  is  drawn  to  the  fact  that  the  com- 
matator  has  practically  the  same  length  and  diameter  as  the  armature 
itself,  this  being  due  partly  to  the  low  voltage  and  also  to  the  fact  that 
a  three-phase  rotary  converter  can  be  made  to  deliver  considerably  more 
correiit  without  overheating  than  the  same  armature  and  fields  would 
generate  if  mechanically  driven  as  a  dynamo. 

A  peculiarity  of  rotary  converters  for  lighting  service  is  the  fact  that 
the  voltage  of  the  direct  current  output  is  always  exactly  proportional  to 
the  alternating  voltage  on  the  collecting  rings.  If  the  latter  varies  due 
to  changes  of  load  and  drop  in  the  alternating  current  system  the  direct 
voltage  varies  with  it,  thus  requiring  as  perfect  regulation  (so  far  as 
momentary  changes  of  pressure  are  concerned)  in  the  alternating  system 
as  is  needed  for  the  direct-current  incandescent  lighting.  On  this  account 
and  in  spite  of  the  greater  cost  and  lower  efficiency  of  motor  generators 
as  compared  with  equivalent  rotaries,  the  additional  transforming  apparatus 
which  has  been  installed  is  in  the  form  of  a  motor  generator  in  which  the 
direct  corrent  is  quite  independent  of  the  varying  drop  in  the  transmission 
Hue,  aod  any  sudden  reactive  drops  in  the  transformers  when  alternating 
motors  are  started.  The  motor  generator  has  proved  so  very  con- 
that  the  Company  is  about  to  add  a  further  unit  consisting  of  two 
r.'dyiisimos  driven  by  a  900- kw.  induction  motor. 
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It  may  be  mentioned  that  the  regulation  of  the  voltage  of  the  rotary  con- 
verters is  partly  effected  by  reactive  coils,  consisting  of  series  windings  on 
laminated  iron  cores,  the  three  cores  of  the  three  phases  forming  mutual 
magnetic  returns  for  each  other.  These  coils  introduce  self-induction 
into  the  alternating  current  circuits,  and  such  self-induction  can  be  utilised 
by  means  of  leading  or  lagging  currents,  to  give  a  boosting  or  depressing 
effect  upon  the  voltage,  the  leading  and  lagging  currents  being  introduced 
by  strengthening  or  weakening  the  field  excitation  of  the  machine.  If  the 
field  of  the  rotary  is  strong,  leading  currents  are  drawn  through  the  reactive 
coils  and  set  up  therein  an  inductive  counter  E.M.F.  which  on  account  of  its 
phase  relation  adds  to  the  original  impressed  E.M.F.  If  the  field  of  the 
rotary  is  weak,  lagging  currents  are  drawn  through  the  reactive  coils  and  the 
inductive  counter  E.M.F.  swings  round  so  that  it  now  opposes  the  impressed 
E.M.F.  and  so  lowers  the  voltage.  The  result,  so  far  as  practical  operation  is 
concerned,  is  about  the  same  as  in  the  direct-current  dynamo,  i.e,,  the  field  of 
the  rotary  is  strengthened  to  increase  the  voltage  and  weakened  to  lower  the 
voltage.  By  means  of  these  reactive  coils  a  range  of  pressure  of  about  12^ 
volts  can  be  obtained. 

The  switchboard,  which  is  fully  described,  is  arranged  for  the  rotaries, 
motor  generators,  and  storage  batteries  being  run  in  parallel.  Detailed 
particulars  are  given  of  special  swivel  switches  for  the  direct-current  side  of 
the  rotaries ;  of  a  special  field  switch  made  in  the  hatchet  form ;  and  of  the 
motor-driven-end-cell-regulating-switches  for  the  Chloride  accumulators. 

The  demand  for  energy  throughout  the  twenty -four  hours  averages  about 
2,200  H.P.  The  battery  carries  the  three-wire  incandescent  load  during  the 
evening  without  any  help  from  the  machines,  the  motor  generator  and  the 
rotaries  being  shut  down  so  as  to  reduce  the  load  peak.  During  the  day 
when  the  arc  and  incandescent  load  is  very  light  the  motor  generator  is 
run  to  carry  the  220-volt  load  and  charge  the  battery.  As  soon  as  the 
battery  is  charged  the  motor  generator  is  shut  down,  the  rotaries  being 
then  started  up  to  carry  the  three-wire  load.  E.  K.  S. 


1193.  Development  of  the  Niagara  Power  System.  J.  E.  Woodbridge. 
(Amer.  Electn.  12.  pp.  1-20,  Jan.,  1900.) — The  general  design  of  the  recently 
added  alternators  (there  are  now  ten  generating  units  each  5,000  H.P.)  is  the 
same  as  before,  that  is,  an  umbrella  type  of  tield  rotating  about  an  internal 
stationary  armature.  There  are,  however,  some  changes  in  detail  with  a  view 
to  the  better  dissipation  of  the  heat,  for  although  the  machines  have  the 
extremely  high  efficiency  of  98  per  cent.,  the  2  per  cent,  wasted  amounts  to 
io  much  as  100  H.P.  The  spiders  holding  the  two  bearings  are  forced  down- 
wards by  means  of  bolts  into  tapered  seats,  bored  in  the  interior  of  the  frame. 
The  bearings  themselves  are  also  forced  to  a  tight  fit  in  the  spiders,  and  arc 
piped  to  an  oil  system,  a  screw  pump  lifting  the  oil  to  a  reservoir  placed  under 
the  eaves  of  the  power  house,  from  which  it  circulates  by  gravity  through  the 
bearings  and  down  again  to  the  pit.  An  oil  recuperating  system  is  provided 
consisting  of  tanks  in  which  the  oil  is  boiled  and  then  filtered  ;  the  boiling  is 
accompHshed  by  means  of  electrical  heaters,  its  purpose  being  to  drive  off 
any  water  that  may  become  mixed  with  the  oil. 

To  keep  the  bearings  cool,  holes  are  cored  out  which  are  connected  with 

water-pipes.    The  frame  has  vertical  ribs  in  which  the  armature  laminations 

are  dovetailed,  and  through  these  ribs  run  vertical  passages  which  cany 

water  for  the  purpose  of  cooUng  the  armature  core.    Pipes  connect  the  lowcf 


ELECTRICAL  DISTRIBUTION,  TRACTION   AND  LIGHTING.      445 

ends  of  these  passages,  while  the  upper  ends  are  capped  and  connected 
together  by  means  of  small  square  cross  passages  cored  in  the  casting. 

The  field  cores  are  made  up  of  bare  copper  strip  wound  edgewise,  but 
differing  somewhat  from  usual  edgewise  coils  in  that  there  are  four  layers. 
The  four  layers  are  separated  from  each  other  and  rigidly  held  in  place  by 
means  of  metal  spacing  rods  covered  with  mica  and  shellac  insulation. 
Between  these  spacing  rods  there  is  ample  room  for  the  ventilation  of  each 
layer,  circulation  of  air  being  permitted  by  means  of  ventilating  openings  in 
the  casings.  The  edgewise  turns  of  each  layer  are  insulated  from  each  other 
by  strips  of  built-up  mica  and  shellac  insulation. 

The  new  main  turbine  wheels  are  controlled  by  magnetic  clutch  governors 
designed  by  Coleman  Sellers,  in  which  centrifugal  weights  operate  contacts 
in  an  oil  bath,  and  these  contacts  close  the  circuits  of  electromagnetic 
clutches,  one  for  the  opening  and  the  other  for  the  closing  motion  of  the 
gates.  The  alternators  are  shut  down  by  simply  opening  the  field  circuit,  the 
same  action  starting  the  governor  into  motion  to  shut  off  the  water  from  the 
main  wheels.  Circuit-breakers  in  the  field  circuits  of  the  machines  are  wired 
to  an  emergency  switch,  by  closing  which  the  fields  of  all  the  machines 
running  in  parallel  with  each  other  may  be  opened  simultaneously  in  case  of 
emergency,  and  the  gates  of  the  water-wheels  of  the  same  units  may  be  at  the 
same  instant  started  towards  the  closed  position. 

A  long  and  interesting  account  is  given  of  the  transmission  of  15,000  H.P. 
to  the  works  of  the  Union  Carbide  Co.  Although  the  distance  transmitted 
is  only  11,000  feet  it  has  been  found  worth  while  to  step  up  from  2,200  volts 
two-phase  to  11,000  volts  three-phase,  the  transformers,  six  in  number,  being 
connected  on  the  system  introduced  by  C.  F.  Scott.  The  output  of  each 
transformer  is  2,500  H.P. ;  they  are  made  by  the  Westinghouse  Co.  and  are 
oil  insulated  and  water  cooled.  At  the  works  of  the  Carbide  Co.  the  voltage 
is  reduced  in  two  steps  from  11,000  down  to  110  volts,  the  first  step  by  means 
of  six  units  exactly  similar  to  the  step-up  transformers,  and  the  second  step  by 
means  of  ten  2,000  H.P.  step-down  transformers  which  have  been  supplied 
by  the  Wagner  Co. 

A  number  of  interesting  details  are  given  of  the  construction  of  all  the 
transformers,  including  those  of  the  air-blast  type  supplied  by  the  General 
Electric  Co.     Efficiency  curves  are  given. 

The  heavy  switching  work  in  the  Niagara  power  station  is  done  by  com- 
pressed air  which  is  obtained  from  a  water-driven  Worthington  pump.  Most 
of  the  circuit-breakers  are  fitted  with  a  time  element  device  which  has  for  its 
object  to  prevent  a  short-circuit  at  a  point  distant  from  the  power  house, 
opening  any  but  the  nearest  circuit-breaker  to  it.  Two  methods  by  the 
Westinghouse  Co.  (Stillwell)  and  the  General  Electric  Co.  are  described,  as 
well  as  the  reverse  current  circuit-breaker  mechanism  as  used  on  the  Niagara- 
Buffalo  transmission  line. 

Particulars  are  given  of  a  special  Westinghouse  450-kw.  transformer  giving 
87,500  amperes  at  12  volts.  The  transformer  has  a  single  secondary  turn  and 
the  pressure  is  regulated  from  12  to  30  volts  by  changing  the  number  of  turns 
on  the  primary  side. 

On  the  Niagara-Buffalo  transmission  line  the  voltage  is  11,000  and  the 
wires  are  arranged  triangularly  3  feet  apart  and  spiralled  at  intervals. 
The  maximum  load  at  this  voltage  is  about  10,000  H.P.,  so  that  in  order 
to  allow  for  the  expected  increase  of  load  it  is  proposed  to  raise  the  line 
to  22,000  volts  besides  erecting  another  pole  line  to  Torvavjaivd'a.. 
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been  taken  down,  as  the  trouble  they  caused  through  falling  proved  greater 
than  any  probable  benefits.  Lightning  arresters  are  in  use  at  the  transmitting 
end,  and  also  at  the  Tonawanda  substation  and  at  Buffalo  where  the  Une  goes 
underground. 

The  article  closes  with  an  account  of  the  work  of  the  Cataract  Power  and 
Conduit  Co.  which  assumes  control  over  the  transmission  line  where  it  enters 
the  Buffalo  City  limits  and  handles  the  power  from  that  point  to  consumers' 
premises.  A  number  of  interesting  particulars  are  given  of  the  various 
underground  cables  and  of  the  substations.  Amongst  customers  for  power 
are  the  Buffalo  General  Electric  Co.,  8,000  H.P. ;  the  International  Traction 
Co.,  5,000  H.P. ;  a  large  grain  elevator,  1,000  H.P. ;  whilst  the  Union  Dry 
Dock  Co.  operates  its  extensive  workshops,  &c.,  entirely  by  means  of  induc- 
tion motors,  practically  every  machine,  tool,  elevator,  crane,  &c.,  having  its 
own  motor  belted  to  it.  E.  K.  S. 

1104.  Detroit,  Ann  Arbor  Interurban  Railway,  (Street  Rly.  Rev.  10.  pp. 
6-8,  Jan.,  1900.) — The  Detroit,  Ypsilanti  and  Ann  Arbor  Electric  Railway  has 
50  miles  of  track  and  runs  20  cars,  each  equipped  with  double  trucks  and 
four  50- H.P.  motors.  Each  car  is  provided  with  a  series  of  multiple  con- 
trollers for  operating  the  motors  in  combinations  of  pairs  in  parallel-series,  or 
all  motors  in  parallel.  Three  Westinghouse  225-kw.  direct-current  generators 
at  250  r.p.m.,  and  575  volts  are  connected  by  flexible  couplings  to  460-H.P. 
engines.  Motor-driven  boosters  of  185  and  125  kw.  are  driven  off  the  'bus 
bars  and  operate  in  series  with  the  feeders,  whose  voltage  they  raise  to  000 
volts.  E.  H.  C.-H. 

1196.  Intentrban  Tramways,  Buffalo,  N.Y.  (Street  Rly.  Rev.  9.  pp. 
815-822,  1899.) — The  International  Traction  Company  now  owns  almost  sdl 
the  lines  around  Buffalo  and  Niagara  Falls.  It  operates  the  Buffalo  city  cars, 
equivalent  to  5,000  E.H.P.  on  the  average,  from  the  11,000- volt  transmission 
line  from  Niagara,  which  is  brought  direct  to  five  stations.  At  these  stations 
a  novel  type  of  fuse  is  used  ;  when  the  main  line  opens  it  is  short-circuited 
through  an  explosive  fuse  provided  with  tubes  which  lead  the  gases  away  and 
blow  out  the  arc.  By  clockwork  and  a  battery  it  is  so  arranged  that  the  over- 
load must  be  on  the  station  3j  seconds  before  it  will  operate  the  station  fuse. 
In  three  stations  the  400-kw.  converters  are  started  by  direct  current ;  in  the 
other  two  by  a  30-kw.  induction  motor,  with  independent  transformers, 
coupled  to  a  25-kw.  direct-current  generator.  The  armatures  of  the  rotaries 
are  given  a  shuttle  movement  by  an  electromagnet  and  an  intermittent 
current,  thereby  securing  uniform  wear. 

Cast- welded  joints,  to  the  number  of  11,000,  were  made  last  year  by  the 
Lorain  Steel  Company.  Also,  around  all  special  work,  copper  cables  have 
been  provided  and  welded  in  place,  thus  permitting  easy  removal  for  repairs 
without  interfering?^  with  the  return  circuit.  The  operations  in  cast-welding 
are  fully  described.  E.  H.  C.-H. 

1196.  Detroit,  Port  Huron  Interurban  Railway.  (Street  Rly.  Journ.  16.  pp. 
119-124,  Feb.,  1900.)— The  Rapid  Railway  Company  of  Detroit,  Mich.,  the 
pioneer  high-speed  railway,  used  to  run  over  20  miles  of  track  at  25  miles  per 
hour  using  the  direct-current  system  throughout.  It  is  now  about  to  operate 
a  route  of  78  miles  to  Port  Huron  from  one  main  half-way  power  house  at 
Baltimore.  Cedar  sleepers,  gravel  or  stone  ballast,  70-lb.  rails,  and  "  Crown'* 
bonds  are  being  used.     The  power  house  contains  four  800-H.P.  Baboock 
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and  Wilcox  water-tube  boilers  with  "  Roney  "  stokers,  the  draught  being  pro- 
duced by  two  slow-speed,  up-discharge,  direct-connected  steam  fans,  which 
deliver  into  a  short  sUck  7  feet  in  diameter  reaching  only  a  few  feet  above 
the  roof.  There  are  three  main  engines  of  the  Westinghouse  vertical  tandem 
type,  cylinders  21^  inches  and  87  inches  by  22  inches  stroke,  giving  1,000  H.P. 
each  at  214  r.p.m.  These  are  connected  direct  to  three  500-kw.  Westinghouse 
engine-type  three-phase  generators,  giving  760  amperes  per  phase  at  876  volts 
and  "8,440  alternations."  To  drive  the  alternators  in  parallel  with  fluctuating 
loads,  the  engines  are  provided  with  apparatus  by  which  the  speed  of  any  one 
can  be  varied  at  will  from  the  switchboard.  There  are  also  two  steam 
exciters  at  126  volts.  All  the  engines  exhaust  into  one  Worthington  jet  "  dry- 
air  pump*'  condenser.  Compressed  air  is  provided  for  cleaning  out  the 
electrical  machinery.  There  will  be  five  rotary  substations  where  the 
16,600-volt  current  will  be  stepped-down  and  then  converted  by  rotaries  into 
direct  current.  One  set  of  poles  serves  for  the  high-tension  transmission  line, 
the  low-tension  feeders,  and  the  bracket  arms  for  the  trolley  wire.  "  Locke  " 
porcelain  insulators  are  used  on  the  high-tension  lines.  The  new  60-feet  cars 
each  have  two  76- H.P.  motors.  The  schedule  time  including  stops  will  be 
27  miles  per  hour,  with  a  speed  of  46  miles  per  hour  between  stations. 
Freight  traffic  will  be  handled  by  Baldwin-Westinghouse  electric  locomotives. 
The  electric  cars  take  60  per  cent,  of  the  local  traffic  in  fruit,  fish,  meat,  &c. 
(Sec  also  1809,  Abstract  No.  1097.)  E.  H.  C.-H. 

1197.  TrtKk  Consiruclion  in  Buffalo.  (Street  Rly.  Rev.  10.  pp.  26-27,  Jan., 
1900.) — ^Where  ordinary  stone  paving  is  used  between  tracks,  and  the  same  or 
a^halte  outside,  "  trench  "  construction  is  used.  Longitudinal  trenches  are 
dug  17  inches  deep  and  shovel-width  at  the  bottom,  with  cross  trenches 
alternately  17  and  20  inches  deep  at  6-feet  centres.  Hard  oak  ties,  6x7 
inches  x  7  feet  are  then  put  in  the  cross  trenches,  the  rails  spiked  on  to 
them  and  gauged,  and  held  temporarily  by  fishplates.  The  track  is  surfaced 
and  the  ties  in  the  shallow  trenches  tamped  with  dry  stone.  Concrete  is 
then  run  into  the  deeper  cross  trenches  and  into  the  longitudinal  trenches, 
and  after  72  hours  the  fishplates  are  removed  and  the  joints  cast-welded. 
Pounded  sand  is  then  laid  between  trenches  as  a  base  for  the  common  stone 
paving.  Where  asphalte  is  used  outside  'the  rails,  toothing  stones  are  set 
outside  them.  For  first-class  granite  sett  paving,  the  ground  is  excavated 
7  ft  8  in.  wide  and  16  inches  deep  with  cross  trenches  6  inches  deeper  for  the 
ties,  which  are  set  in  concrete.  After  alignment,  the  whole  is  run  in  with 
concrete  and  covered  with  4  inches  of  gravel  to  receive  the  setts. 

E.  H.  C-H. 

1198.  The  Electric  Tramway  and  its  Future,  J.  Swinburne.  (Feilden, 
2L  pp.  126-183,  Feb.,  1900.) — The  most  serious  and  obscure  problem  in  con- 
nection with  electric  tramways  is  the  earth  return.  The  common  idea 
that  electrolysis  cannot  occur  unless  the  pressure  is  sufficient  to  decompose 
water  is  erroneous.  The  effects  of  electrolysis  are  cumulative.  Insulated 
return  feeders  give  the  only  satisfactory  solution.  In  order  to  keep  the  rails 
at  zero  potential  it  is  only  necessary  to  insure  that  there  is  the  same  loss  in  all 
the  feeders,  which  can  be  secured  by  adjustable  resistances  in  each  feeder, 
or  by  aoadliary  djrnamos  therein. 

Tbe  anthor  suggests  (though  he  has  not  worked  out  the  cost)  that  each  car 
mi^bt  carry  an  alternating  motor  running  at  a  uniform  speed,  whether  the 
is  at  rest  or  in  motion.    This  motor  wpuld  be  coupled  to  a  dixecl-oaxt^x^ 
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layer  of  corundum  also  forms  on  the  inside  of  the  crucible  as  a  fireproof 
glaze,  which  preserves  the  heat  of  the  molten  metal  to  such  an  extent  that 
the  workmen  can  handle  the  crucible  without  trouble. 

Beyer  added  to  the  above  description  given  by  Dr.  Goldschmidt  to  the 
Verein  Deutscher  Strassen  und  Kleinbahn  Verwaltungen,  some  notes  on  the 
effect  of  temperature  on  cast- welded  joints.  He  experimented  on  a  7-inch 
girder  rail,  having  a  cross-section  of  62  sq.  cm.,  and  a  tensile  strength  of 
6,000  kg-  per  sq.  cm.  The  modulus  of  elasticity  which  would  theoretically 
double  the  length  of  an  iron  rod  1  sq.  cm.  in  section  is  2,000,000  kg.  cm. 
Therefore  for  a  range  of  60°  Celsius,  which  he  considers  the  maximum  in 
Germany,  the  force,  considering  iron  to  expand  0*1079  per  cent,  for  each 
100^  Cels.,  is  67,880  kg.,  so  that  the  factor  of  safety  in  this  case  is  4'6.  He 
claims  that  the  temperature  of  the  welding  may  be  so  chosen  that  the  ends 
of  the  rails  are  not  actually  melted,  thus  preventing  any  change  in  the  struc- 
ture of  the  material.  E.  H.  C.-H. 

1201.  Cost  of  Arc  Lighting,  H.  H.  Wait.  (Amer.  Inst.  Elect.  Engin., 
Trans.  16.  pp.  679-604,  Nov.,  1899.) — Tables  are  given  in  this  paper  showing 
the  comparative  first  cost  and  operating  expenses  of  various  arc-lighting 
systems,  on  an  equitable  basis.  The  author  refers  to  a  recent  article  by  W. 
L.  Robb  (see  1900,  Abstract  No.  966)  on  the  Hartford  system  of  arc  lighting, 
where  it  was  stated  that  the  changes  in  the  Hartford  plant  would  pay  for 
themselves  in  about  two  years.  From  the  tables  in  the  present  article  it 
would  appear  that  in  some  cases  the  more  modern  continuous-current 
S3rstems  might  replace  older  ones  and  pay  for  the  changes  in  still  less  than 
two  years.  The  question  is  so  dependent  on  local  conditions,  however,  that 
it  is  impossible  to  make  any  general  statements. 

The  vital  question  in  comparing  alternating  and  direct-current  systems  is 
the  relative  amount  of  power  consumed  for  the  same  amount  of  light.  In 
compiling  the  tables  the  different  types  of  lamps  have  been  given  the  follow- 
ing ratings  for  the  sake  of  comparison  ; — 

Direct-current  open  arc — 450  watts  at  arc 2,000  c.p. 

„          „       enclosed  arc — 460  watts  at  arc  ...  1,600    „ 

Alternate-current  enclosed  arc — 460  watts  at  arc  1,160    „ 

„             „        enclosed  arc — 400  watts  at  arc  960    „ 

Direct-current  open  arc — 300  watts  at  arc 1,200    „ 

Direct-current  enclosed  arc — 800  watts  at  arc  ...  900    „ 

To  arrive  at  an  equitable  figure  for  comparing  the  direct-current  open  and 
enclosed  arcs,  it  was  assumed  that  the  ratio  of  watts  per  mean  spherical  c.p. 
in  the  open  arc  to  those  in  the  enclosed  arc  is  76  per  cent.  This  figure  is 
practically  a  mean  of  the  results  obtained  by  Elihu  Thomson,  L.  B.  Marks, 
Pierron,  and  W.  O.  Steel.  It  was  further  assumed  that  the  excess  of  watts 
per  mean  spherical  c.p.  for  alternate-current  over  direct-current  arcs  is  88^, 
which  is  practically  a  mean  of  the  results  obtained  by  Matthews,  L.  B. 
Karks,  Elihu  Thomson,  W.  O.  Steel,  and  the  Western  Electric  Co.  In  the 
table  of  costs,  the  resulting  costs  have  been  divided  by  the  nominal  candle- 
powers  so  that  the  cost  can  be  compared  readily  at  any  reasonable  rating. 
The  tables  are  all  made  on  the  assumption  that  the  arc  lighting  part  of  the 
plant  is  running  at  very  nearly  full  load  whenever  it  does  run.  This  will,  of 
oonrs^  not  apply  to  commercial  lighting  circuits,  and  considerable  cor- 
rections  will  have  to  be  made  for  such  conditions. 

A  point  in  favour  of  the  alternating  systems  is  the  fact  that  the  posi^otv  oi 
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the  plant  or  other  local  conditions  may  permit  a  saving  in  the  line  invest- 
ment for  example,  where  a  large  number  of  circuits  have  to  be  run  for  a  long 
distance  in  the  same  street,  a  saving  in  the  investment  could  probably  be 
made  by  the  alternating  system  by  the  use  of  a  substation  at  the  point  of 
distribution.  In  cases  where  there  is  already  a  greater  generator  capacity 
installed  than  is  actually  needed,  it  is,  of  course,  possible  to  leave  out  a  con- 
siderable portion  of  the  investment  shown  in  the  tables.  In  rare  cases,  the 
peak  of  the  commercial  lighting  and  power  4oad  would  not  overlap  the  arc- 
lighting  load,  and  under  such  circumstances,  some  of  the  transformer 
systems,  either  direct  or  alternating  current  would  have  a  great  advantage. 

Curves  are  given  in  this  paper  showing  the  luminous  intensity  at  street 
surface  with  different  lamps.  In  general  it  will  be  seen  that  the  direct- 
current  plants  are  the  most  favourable  for  places  where  the  whole  or  nearly 
all  the  output  is  used  for  arc  lighting — where  but  a  small  portion  of  the  load 
is  arc  lighting,  either  the  simple  alternating  systems  or  some  of  the  systems 
transforming  into  direct  continuous  current  by  means  of  motor  generators  or 
rectifiers  would  be  most  practicable. 

Comparative  Cost  per  Arc  Lamp  per  Year  of  8,800  Hours  with 

Different  Systems. 


No. 


1 

2 
8 

4 

5 

6 

7 

8 

9 

10 

11 


12 
18 


Systcin. 


Hartford,  400  watts  enclosed  

Hartford,  460  watts  enclosed   

Alternate-current  Ind.  Reg.,  400  watts 
enclosed    

Direct-current  arc  driven  by  alternate- 
current  motors,  800  watts  enclosed... 

Direct-current  i  belted,  800  watts  en- 
closed  

Direct-current .  arc,  driven  by  direct- 
current  motors,  800  watts  enclosed 

Direct-current  arc  belted,  450  watts 
enclosed    

Direct-current  arc  belted,  460  watts 
open  arc  

Direct-current  arc  direct  driven,  450 
watts  open  direct  current 

Alternate-current  Ind.  Reg.,  460  watts 
enclosed.  No  increase  in  generating 
plant  

Direct-current  arc  driven  by  alternate - 
current  motors,  450  watts  enclosed. 
No  increase  in  generating  plant 

Rectifier  system,  450  watts  enclosed  ... 

Incandescent,  8-60  c.p.  lamps,  460 
watts 


Total  cost 

per  lamp 

in$. 


146-50 
166*24 

189-80 

181-42 

117-90 

129-45 

147-87 

142-60 

142-00 


9114 


100-40 
164-80 

121-75 


I.H.P.  per 
lamp. 


0-744 
0822 

0-708 

0-680 

0-662 

0-642 

0-830 

0-882 

0-810 


0-804 


0948 
0*816 

0-766 


Total 
operating 
expcanca 

in$. 


52-86 
67-85 

60*75 

46-08 

41-75 

46-06 

57-07 

68-58 

62-58 


45-89 


58-98 
58-69 

60-85 


L.J.S. 


1202.  Lighting  by  AlternaU'Current  Arc   and  Incandescent  Lamfs,     IBt^ 

Fleming.    (Elect.  World  and  Engineer,  86.  pp.  188-184.    Disciissioiit  pp. 

184-185,  Jan,  27, 1900.    Paper  read  before  the  Eighth  Annual  Conveation  ci 
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the  North-Western  Electrical  Association.) — The  author  advocates  the  use,  as 
a  ^tem,  of  alternating-current  enclosed  arc  lamps  with  constant  current 
transformers  and  estimates  that  a  saving  of  #8 — $12  per  lamp  per  year  can 
be  made  over  direct-current  open  arc  lamps.  In  the  discussion,  the  speakers 
confirmed  the  author's  opinions,  and  some  favourable  results  were  quoted  of 
working  with  82-c.p.  incandescent  lamps  in  series.  These  lamps  have  a  life 
of  4,000  to  5fiO0  hours.  The  most  satisfactory  size  of  enclosed  arc  is  a  lamp 
consuming  from  425-440  watts  at  66  amperes  and  70-76  volts  at  the  arc. 

C.  K.  F. 

l2Xy^,  Arc  Lighting  without  Regulating  Resistance,  X.Gosselin.  (Soc.  Int. 
^Icct,  Bull.  16.  pp.  448-450 ;  Discussion,  pp.  460-467, 1899,  and  17.  pp.  100-106, 
Feb.,  1900.) — In  order  to  prevent  undue  variation  of  current,  arc  lamps  are 
connected  in  series  with  a  steady  resistance  in  which  20  to  80  per  cent,  of  the 
power  is  lost  To  economise  this  power  automatic  devices  may  be  employed 
which  introduce  a  resistance  only  when  the  current  exceeds  the  normal  value. 
TTiree  arc  lamps  can  then  be  run  in  series  across  the  110-volt  main's.  Such 
lamps  designed  by  Hegner,  Vigreux,  and  Brille  are  described. 

In  the  discussion  Aliamet  pointed  out  that  with  alternating  currents  this 
economy  may  be  effected  with  only  two  arcs  in  series  by  replacing  the  steady- 
ing resistance  by  a  choking  coil.  Low  voltage  arcs  are  very  short  compared 
to  those  of  normal  voltage  and  give  a  correspondingly  bad  distribution  of 
light,  also  the  carbons  are  liable  to  fuse  together  instead  of  striking  owing  to 
sluggishness  in  the  automatic  regulator.  With  two  arcs  in  series  the  extra 
resistance  required  can  be  obtained  by  reducing  the  section  of  the  leads,  thus 
effecting  a  saving  in  copper.  Hegner  pointed  out  the  effect  of  the  presence 
of  mineral  salts  in  the  carbons  in  allowing  a  longer  arc  with  reduced  voltage, 
and  described  his  lamp  in  detail.  L.  B. 

1204.  Lighting  from  Primary  Batteries,  F.  E.  Woodford.  (Amer.  Electn. 
12.  pp.  92^94,  Feb.,  1900.) — The  author  proposes  to  use  gravity  cells,  capable 
of  giving  half  an  ampere  continuously  for  two  months  without  attention, 
permanently  connected  in  parallel  with  a  battery  of  storage  cells.  When 
light  is  not  required,  the  latter  arc  automatically  charged  by  the  gravity  cells 
which  are  in  this  way  kept  in  good  condition.  An  estimate  is  given  for 
outlav,  but  the  author  does  not  go  into  the  question  of  cost  of  running. 

W.  R.  C. 

1206.  Candle-Power  of  Arc  Lamps,  E.  P.  Warner.  (Elect.  World  and 
Engineer,  85.  p.  66,  Jan.  18, 1900.  Paper  read  before  the  December  meeting 
of  the  Chicago  Electrical  Association.)— This  paper  deals  with  the  relative 
candle-power  of  direct  and  alternating  enclosed  arc  lamps.  It  is  illustrated 
with  a  diagram  of  two  curves  of  photometric  readings  at  different  angles 
taken  from  two  lamps  with  all  conditions  alike  except  that  one  was  direct 
and  the  other  alternating.  There  is  a  remarkable  similarity  in  the  distribution 
of  bght  in  the  two,  but  the  direct  current  exceeds  the  alternating  current  in 
bght  capacity  by  an  average  of  about  12  per  cent. 

In  order  to  correct  the  violet  rays  in  the  alternating  lamp  the  author  has 
used  what  is  known  as  an  alal>aster  globe.  This  is  composed  of  two  layers  or 
thicknesses  of  glass,  one  of  which  is  clear  or  slightly  tinted  with  uranium, 
and  the  other  opalescent.  This  acts  on  the  violet  rays  somewhat  similarly  to 
a  solution  of  quinine  sulphate,  and  transforms  the  violet  into  white  light,  with, 
a  material  loss  of  lisht.  ^*  ^*  ^* 
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1206.  Life  Tests  of  Glow-Lamps,  G.  D.  Shepardson.  (Amer.  Electn.  12. 
pp.  76-77,  Feb.,  1900.  Abstract  of  a  paper  read  before  the  Northwestern 
Electrical  Association.) — ^This  paper  deals  with  tests  made  on  the  candle- 
power  and  watts  taken  of  batches  of  lamps  rated  at  16  c.p.,  and  picked  at 
random  from  the  stocks  of  several  American  lighting  companies.  The  lamps 
were  first  tested  with  an  average  result  (for  55  lamps)  of  18*8  cp.and  55*6  watts, 
or  8*1  watts  per  candle.  The  initial  candle-power  varied  from  14*1  to  28  and 
the  watts  from  47*8  to  71'8,  or  from  2*32  to  410  per  candle.  These  lamps 
were  all  tested  at  their  marked  voltages.  Lamps  were  then  selected  at 
random  from  the  different  lots  obtained  from  the  various  sources,  and  were 
maintained  continuously  at  the  constant  voltage  they  were  marked  for,  tests 
being  made  every  24  hours.  After  50  hours  burning  the  candle-p>ower  varied 
from  8*2  to  23,  the  watts  per  candle  from  2*32  to  4*1,  the  average  being  17*6  c.p. 
and  3*27  watts  per  c.p. 

After  100  hours  the  figures  were  from  10*1  to  22*8  c.p.  and  from  2*62  to 
5*02  watts  per  c.p.,  the  averages  being  17.5  c.p.  and  8*3  watts  per  c.p. ;  after 
400  hours  from  11*3  to  19  c.p.  and  from  3-OOto  4*31  watts  per  c.p.,  the  averages 
being  16*0  c.p.  and  3-64  watts  per  c.p. ;  after  600  hours  11*4  to  18*8  c.p.  and 
8'34  to  4'26  watts  per  c.p.,  the  averages  being  14*7  c.p.  and  3-82  watts  per  c.p. 
A  few  lamps  were  burned  from  800  to  900  hours,  at  which  time  the  c.p.  varied 
from  10'8  to  16*4,  and  the  watts  per  c.p.  from  3-6  to  4*4.  Early  in  the  test 
several  of  the  lamps  *'  burned  blue,"  and  their  high  efficiency  pointed  to  short 
life.  All  of  the  lamps  in  one  group  had  burned  out  in  about  100  hours, 
whereas  some  of  those  in  another  group  lasted  600  hours.  Experiments  were 
also  tried  on  the  behaviour  of  lamps  on  a  circuit  var3ring  from  104  to  118  volts. 

rLi»  v^.  ix. 
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17,  Jan.,  1900,  from  the  Chicago  Tribune.)— A  general  statement  as  to  the  various 
tramways  either  projected  or  under  construction.  The  tramways  are  operated  in 
general  on  the  mixed  system,  i.e.y  trolley-wire  system  in  the  outskirts,  and  accumu- 
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1224.  Submarine  Cable  Signals.  A.  Jamieson.  (Inst.  Engin.  and  Ship- 
builders, Trans.  48.  pp.  84-45,  Feb.  Discussion,  pp.  88-41,  March,  and  pp.  17-20, 
April,  1900  ;  also  Electrician,  44.  p.  789,  March  28, 1900.)— The  Cape  Town 
shore-end  of  the  main  cable  to  Mossamedes  passes  round  the  south^sterh 
curve  of  Table  Bay.  Electric  tramway  trolley  lines  are  suspended  overhead 
from  Wynberg  to  Cape  Town,  almost  parallel  to  the  cable,  at  a  mean  distance 
of  about  half  a  mile  from  the  shore-end.  The  condition  of  affairs  is  further 
complicated  by  subterranean  lines  running  close  to  the  'tramway  rails.  To 
check  the  disturbing  effect  of  the  tramway  circuit  upon  the  signals,  a  cable  of 
about  5  n.ms.  was  laid  as  nearly  as  possible  over  the  shore-end  of  the  main 
cable,  and  connected  to  the  earth  side  of  the  recorder,  the  sea  end  being 
earthed  to  its  own  sheathing.  This  device  resulted  in  improved  signals.  But 
an  extension  of  the  tramway  rendered  it  necessary  to  lengthen  the  subsidiary 
cable  to  11  n.ms.  It  is  now  suggested  to  adopt  the  Hughes'  method,  using  a 
twin  twisted  core,  with  double  armouring.  Further  it  is  recommended  that 
the  tramway  company  should  adopt  a  sufficient  number  of  boosters  to  reduce 
the  return  currents  in  the  rails.  R,  A. 

1226.  Duplex  Telegraphy  in  Belgium,  Buels.  (Soc.  Beige  6lect.,  Bull.  17. 
pp.  68-80.  Discussion,*  pp.  80-87,  Feb.,  1900.) — An  explanation  is  given  of  the 
means  adopted  to  balance  the  capacity  and  self-induction  of  the  line  circuit 
upon  the  differential  duplex.  It  is  observed  that  these  phenomena,  while  pro- 
ducing opposite  effects  upon  the  relay  in  circuit  at  a  sending  station,  do  not 
by  any  means  compensate  each  other.  Want  of  balance  as  regards  these 
qualities  in  the  artificial  line  gives  "  kicks "  of  different  senses  in  the  instru- 
ment. The  means  of  entirely  relieving  the  relay  (English  P.O.  standard)  of 
disturbances  when  the  sending  key  is  operated  have  been  studied,  and  the 
results  are  that  the  artificial  line  is  composed  of  two  electromagnets,  horse- 
shoe form,  having  each  a  resistance  of  500  ohms,  with  movable  cores  by  which 
the  inductance  can  be  regulated.  Between  these  is  a  non-inductive  resistance 
to  balance  the  rest  of  the  non-variable  line  resistance.  The  condensers  were 
attached  to  this  and  can  be  adjusted  at  will  by  ordinary  methods.  A  con- 
denser of  small  capacity  {i  to  1^  mi.)  is  also  permanently  attached  to  the 
extremity  of  the  artificial  line  nearest  the  relay.  The  English  P.O.  relay  b 
found  to  be  very  sensitive  for  indicating  balance,  and  as  the  Hughes  apparatus 
is  used  on  the  Belgian  duplex  circuits  this  is  of  great  importance.  A  slight 
want  of  balance  does  not  affect  Morse  instruments  in  their  functions,  but 
absolute  compensation  is  required  with  the  Hughes  to  prevent  distortion  oi 
signals.  It  is  also  necessary  that  they  should  be  quite  detached  one  from 
another,  and  to  this  end  the  real  and  artificial  lines  are  joined  in  shunt  across  the 
relay  by  a  resistance  having  strong  self-induction,  which  acts  to  quickly  restore 
the  armature  of  the  relay  upon  the  cessation  of  a  signal.  This  is  the  device 
of  M.  J.  Pierart.  E.  O.  W, 

• 

1226.  Contact  Force  of  Metals  used  for  Working  Telephones.  £•  Pi^anL 
(Soc.  Beige  Elect,  Bull.  17.  pp.  88-98,  Feb.,  1900.)— A  "vibrator"  or  periodic 
'  iterrupter,  consisting  of  a  metallic  disc  fixed  as  in  a  Bell  telephone  receive 
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with  a  platinised  point  suitably  placed  behind  its  centre,  but  not  quite  touch- 
ing it,  the  disc  and  point  being  joined  respectively  to  the  two-line  wires,  will 
transmit  musical  notes  to  a  distant  receiver,  the  electromotive  force  arising 
from  the  contact  of  the  disc  and  the  point  where  the  former  is  pressed 
inward  upon  the  latter.  It  is,  of  course,  only  upon  closing  such  a  circuit  that 
an  impulse  is  transmitted  and  consequently  fundamental  sounds  are  repro- 
duced and  harmonics  excluded.  By  interposing  an  induction  coil  in  the  usual 
way  the  sounds  in  the  receiver  were  magnified.  It  might  be  supposed  that 
the  effect  was  voltaic  or  thermic,  or  perhaps  both,  since  the  breath  may  cause 
a  difference  of  temperature.  The  author  examines  this  question,  firstly  tr)ring 
discs  of  various  metals  and  alloys.  Some  were  successful,  and  with  some  no 
sound  was  obtained  ;  but  in  all  cases  but  one,  if  a  little  disc  of  platinum  was 
soldered  to  the  back  centre  of  the  large  disc  so  as  to  come  into  contact  with 
the  point  when  the  movement  occurred,  the  force  was  present  and  sounds 
heard  with  more  distinctness  in  all  cases.  The  temperature  was  next  kept 
constant  and,  instead  of  appl3ring  the  mouth  to  the  **  vibrator "  it  was  caused 
to  move  by  the  beat  of  a  wooden  drumstick,  when  the  sounds  were  found  to 
be  reproduced.  Again,  if  a  copper-toothed  wheel  turning  upon  an  axle  of  iron 
is  introduced  into  the  circuit  in  place  of  the  vibrator  and  one  end  of  the 
copper  wire  of  the  primary  caused  to  make  intermittent  contact  with  the 
teeth  while  the  other  end  touches  the  copper  nave,  no  sound  is  heard.  But 
if  the  second  wire  is  removed  from  the  nave  and  is  caused  to  touch  the  iron 
axle,  all  the  interruptions  are  heard  m  the  receiver.  The  author  concludes 
then  that  the  effect  is  not  thermoelectric,  but  due  to  both  the  contact  of  dis- 
sunilar  metals  where  such  are  employed,  and  to  the  states  of  their  surfaces 
being  different  £.  O.  W. 

1227.  Telephone  Exchange  :  St  Louis,  U.S.A.,  Kinloch  Tel  Co,  F.  E.  Bausch. 
(Elect.  World  and  Engineer,  85.  pp.  5-10,  Jan.  6, 1900.) — Full  description  with 
illustrations  of  the  St.  Louis  "independent"  telephone  exchange.  All  sub- 
scribers are  brought  to  one  exchange  in  which  is  a  Kellogg  divided  multiple 
switchboard.  The  switchboard  is  in  four  parts.  A,  B,  C,  and  D.  Each  divi- 
sion consists  of  ten  sections.  Each  section  is  fitted  with  multiple  jacks  for 
one-fourth  of  the  lines  entering  the  exchange.  An  indicator  and  an  answer- 
ing jack  for  every  line  appear  in  each  of  the  four  divisions.  The  equipment 
is  for  8,800  lines  ;  thus  each  section  has  880  indicators  and  880  incoming  call 
(or  answering)  jacks.  Each  subscriber's  station  is  equipped  with  a  magneto 
generator  and  four  keys  with  commutator  springs  and  connections  for  ope- 
rating any  one  of  four  indicators  at  the  exchange  switchboard.  The  keys  are 
designated  A,  B,  C,  and  D  respectively  and  correspond  with  the  four  divisions 
of  the  switchboard.  The  commutator  springs  and  connections  of  the  keys 
permit  the  selection  for  operation  (method  described)  of  one  out  of  the  four 
indicators  attached  to  each  line.  The  subscribers  are  designated  Al,  Bl,  CI, 
Dl,  Ac  Any  subscriber  requiring  a  subscriber  in  class  D  presses  key  D  and 
his  indicator  will  fall  in  division  D  of  switchboard,  where  all  D  sub- 
are  multipled,  when  the  connection  is  completed  in  the  ordinary 
way.  The  clearing-out  signal  is  operated  by  depressing  any  one  of  the  four 
keys  at  the  subscriber's  station.  It  is  stated  that  automatic  calling  and  clear- 
ing win  be  installed  this  year.  J.  E.  K. 


SeUcHve  Telephone  Signals,    JH.  S.  Webb.     (Amer.   Electn.  12. 
pp.  M-^9  Feb.,  1900.)— The  author  describes  a  new  selective  signaWVng,  s^%\.^xcv 
lor  aqr  munber  of  telephone  o&ces  up  to  eight,  upon  one  and  the  same  cvc- 
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'  In  this  case,  if  the  oil  were  set  in  motion  with  a  velocity  t»,  the  velocity  of 
'the  waves  through  it  would  be  increased  by  the  amount 

»D/(D  +  ^. 

This  fraction  is  of  the  same  form  as  that  called  for  by  the  aberration  of  light 
and  Fizeau's  experiment.  Consequently,  taking  ic  to  be  a  density,  we  should 
have  for  all  substances  the  fraction  («  —  «,)/density,  approximately  equal  to  a 
constant,  where  r,  denotes  the  dielectric  constant  of  the  ether.  There  are 
exceptions,  such  as  water  and  the  alcohols,  but  by  far  the  greater  majority  of 
substances  obey  this  law.  Now  since  k  denotes  the  dielectric  constant,  and 
therefore  the  density,  both  of  the  stuff  and  the  space  occupied  by  it,  and, 
according  to  our  present  system,  that  of  the  ether  alone  is  unity,  therefore 
(«  —  1)  is  the  density  of  the  material  in  terms  of  the  density  of  the  ether.    Now 

JC— 1 

the  average  value  of  the  constant,  ^ rr-,  is  1*6,  therefore  the  value  of  the 

density  of  the  material  in  terms  of  the  density  of  the  ether  is  1'6  times  its 

density  in  terms  of  water,  i.^.,  the  density  of  the  ether  is  0'66,  or  two-thirds 

that  of  water.    The  elasticity  is  then  deduced  from  the  known  velocity  of 

light. 

Conversely  it  follows  that  to  find  the  dielectric  constant  of  any  substance, 

it  is  sufficient  to  add  its  specific  mass  to  that  of  the  ether  and  then  divide  the 

sum  by  0*66.    Thus,  to  get  the  dielectric  constant  of  a  mineral  oil  of  density 

0*5,  we  get — 

(0-5  +  0-66)  -r  0-66  =  1-75  =  «. 

[The  remainder  of  this  paper  is  dealt  with  in  Abstracts  Nos.  1284,  1286, 
1277,  1278,  and  1279  (1900).]  E.  H.  B, 

1234.  Size  of  Atoms  and  their  Ionic  Charges,  R.  A.  Fessenden.  (Phys. 
Rev.  10.  pp.  1-88.  Jan.,  and  88-116,  Feb.,  1900.)  —  In  the  course  of  an 
investigation  directed  chiefly  to  other  ends  the  author  is  incidentally  led  to 
discuss  the  size  and  properties  of  atoms  and  their  ionic  charges.  He  thus 
arrives  at  the  following  inferences  : — 

(1)  The  space  occupied  by  the  atoms  of  a  metal  to  the  exclusion  of  other 
atoms  is  of  an  approximately  spherical  shape  at  ordinary  temperatures.  (2) 
The  atoms  of  a  metal,  when  in  a  solid  state,  are  not  widely  separated,  but  tlie 
shortest  distance  between  the  surfaces  of  two  adjacent  atoms  is  of  the  order 
of  1  per  cent,  of  the  diameter  of  the  atom  itself,  when  at  temperatures  not 
near  the  fusing-point.  (8)  Metalloids  differ  from  metals  in  that  their  atoms 
have  not  an  approximately  spherical  shape.  (4)  The  melting-point  and 
expansion  of  the  elements  is  a  function  of  the  shape  of  their  atoms.  (6)  The 
diameter  of  the  mercury  atom  is  2*75  (±  0*2)  10"^  cm.  (6)  The  ionic  charge  is 
4  (±  1)  10~*°£.S.  units.  (7)  Chemical  action  and  cohesion  are  both  manifestSi* 
tions  of  the  same  force,  i.e.,  electrostatic  attraction,  under  different  conditions. 
(8)  If  we  take  wires  of  two  pure  metals,  having  an  equal  number  of  mole* 
cules  in  the  -cross  section,  then  the  electrical  resistances  of  the  wires  will  be 
proportional  to  the  times  taken  by  a  sound  wave  to  traverse  them.  Van  der 
Waal's  equation  is  also  examined  in  the  light  of  this  theory  and  the  constant  i 
a  shown  to  be  a  function  of  the  volume  6,  so  that  the  equation  would  be 
modified  thus — 


fr  +  i4/,)(''-'')  =  RT. 


[The  remainder  of  this  paper  is  dealt  with  in  Abstracts  Nos.  1288,  lS8i 
1277,  1278,  and  1279  (1900).]  E.  H.  1 


GENERAL  PHYSICS.  459 

1286.  Elasiiciiies  of  Substances  in  terms  o)  their  Atomic  Volumes.  R.  A. 
Fessenden.  (Phys.  Rev.  10.  pp.  1-88,  Jan.,  and  88-116,  Feb.,  1900.)— On 
the  author's  theory  of  atoms  the  following  formulas  hold  : — 

(1)  Rigidity  =28  x  10"^  (atom.  vol.)«. 

(^  Youngs  Modulus  =  78  x  10"  4- (atom.  vol.)*. 

(8)  Velocity  of  Sound  =  1 78 x  10" -f- (atomic  wt,  x  atom.  vol.)}*. 

These  are  supported  by  tables  showing  a  fair  agreement  between  the 
experimental  and  theoretical  values  for  iron,  copper,  platinum,  zinc,  silver, 
gold,  aluminium,  cadmium,  magnesium,  tin  and  lead. 

[The  remainder  of  this  paper  is  dealt  with  in  Abstracts  Nos.  1288,  1284, 
1277, 1278,  and  1279  (1900).]  E.  H.  B. 

1236.  Impact  Tests  of  Material  in  Tension,  W.  K.  Hatt  and  £.  Marburg. 
(Eng.  News,  48.  pp.  74-76,  Feb.  1,  1900.  From  a  preliminary  report  read 
before  the  American  section  of  the  International  Association  for  Testing 
Materials.) — ^The  authors  briefly  review  the  early  experiments,  and  the  more 
recent  experiments  of  Kirkaldy  and  Le  Chatelier.  They  then  describe  some 
slow  tension-tests  and  tests  in  longitudinal  shock  made  at  Purdue  University 
during  the  past  two  years  on  iron  and  steel  wires  from  j^  inch  to  ^  inch 
diameter,  ranging  in  length  from  4  feet  to  9  feet.  The  machine  used  is  of  a 
type  in  which  the  hammer  is  hung  on  the  specimen  and  impact  takes  place 
at  the  upper  head.  The  hammer  varies  from  846  to  1,280  lbs.,  and  the 
range  of  motion  is  from  ^  to  7  feet.  The  anvil  on  which  impact  occurs  at 
the  upper  head  consists  of  two  oak  pieces  4  inches  square  in  section  bridging 
the  70  inches  clear  span  between  the  uprights  of  the  machine,  supporting  a 
cast-iron  block  14  in.  x  18  in.  x  6  in.,  which  in  turn  supports  a  steel  block 
4  in.  X  4  in.  x  14  in.  A  pencil  attached  to  the  hammer  describes  a  curve  on 
the  surface  of  a  revolving  drum,  whose  speed  is  determined  by  the  record 
of  a  tuning-fork.  The  total  elongation  of  the  specimen  is  thus  recorded  on 
the  drum,  as  well  as  the  velocity  of  the  weight  before  and  after  impact.  A 
summary  of  the  observations  shows  that  the  ultimate  extension,  contraction 
of  area  and  resilience  were  not  different  for  Norway  iron  and  medium 
jteel  wire  ^  inch  diameter  under  slow  loading  and  under  impact.  One 
specimen  broke  in  two  places,  and  in  other  cases  more  than  one  neck 
developed  in  the  specimen.  In  impact  on  wires  of  smaller  diameter,  the 
elongation  in  different  foot-lengths  varied  irregularly,  while  in  slow  tension- 
tests  on  the  same  material  the  elongation  decreased  regularly  on  each  side  of 
the  fracture.  In  thick  wires  the  elongation  was  as  uniformly  distributed  in 
slow  as  in  rapid  tests. 

Detailed  results  will  be  published  when  the  investigation  is  suHiciently 
advanced.  A.  S. 

15237.  Elasticity  and  Strength  of  Copper,  C.  Guidi.  (Accad.  Sci.  Torino, 
Atti.  85.  6a.  pp.  228-280,  1899-i900.)--This  paper  contains  the  results  of 
experiments  on  the  elasticity  and  resistance  to  tension  of  bars  of  copper 
made  from  plates  employed  in  the  construction  of  the  fire-box  of  a  loco- 
motive. It  is  known  from  the  experiments  of  Bach  that  repeated  tests  of 
ever-increasing  intensity  increase  the  elasticity  of  a  bar.  Owing  to  variations 
oi  pressure  within  the  boiler  the  plates  of  a  fire-box  are  subjected  to  varying 
strains.  The  increase  in  elasticity,  however,  in  the  cases  studied  is  not  large, 
and  the  elasticity  is  less  than  half  of  that  which  can  be  obtained  artificially 
by  the  method  of  Bach.    Tables  and  curves  accompany  the  paper,  k.  ^. 
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1238.  Viscosity  of  Argon  as  Affected  by  Temperature.  Rayleigh.  (Roy. 
Soc.,  Proc.  66.  pp.  6d-74,  March  8, 1900.)f— The  author  prefaces  the  account 
of  his  experiments  with  some  interesting  theoretical  considerations.  After 
having  shown  why  one  might  expect  the  Maxwell  law  to  hold,  i.e.,  the  non- 
dependence  of  /i  (viscosity-coef&cient)  on  density,  it  is  shown  that  if  this  law 
be  assumed,  and  if  the  repulsive  force  between  the  molecules  vary  as  r"**, 

fi+_8 

then  for  a  given  kind  of  molecule  /»  oc  0**~*'  where  0  :=  temperature.  This 
theorem  is  proved  in  a  very  simple  manner  by  an  application  of  the  method 
of  dimensions.  For  the  case  of  sudden  impacts,  n^oo  and  ^  oc  0^**.  But 
the  best  experiments  on  air  show  that  /a  oc  ^^''^  In  the  hope  of  obtaining  a 
better  agreement  between  theory  and  experiment  in  the  simpler  case  of 
monaiomic  molecules  experiments  were  made  on  the  viscosity  of  argon 
at  room  temperature  (15°  C.)  and  at  the  temperature  of  boiling  water 
(100*27°  C.  in  this  particular  case).  The  method  of  flow  through  a  capillary 
tube  was  employed.  The  capillary  tube  was  nearly  6  feet  long,  and  was 
surrounded  by  a  jacket  through  which  steam  could  be  passed.  All  joints 
were  blown.  The  experiments  being  comparative,  it  was  not  necessary  to 
keep  the  driving  pressure  constant.  The  mean  of  the  time  measurements 
was  correct  to  jV  sec.    These  means  were  :  16°  C,  104*67  sees. ;  100*27*  C, 

167'68  sees.   This  gives  n  =  0*812  in  the  formula  ^  s=s  f — j  ,  when  0  =  absolute 

temperature.  Corrected  for  the  expansion  of  the  glass,  this  becomes  0*822. 
The  following  table  embraces  the  results  of  an  extended  series  of  obser\'a- 
tions  : — 

Air  (dry)  0*764 

Oxygen 0'782 

Hydrogen 0681 

Argon  (impure)   0*801 

Argon  (best) 0'816 

The  numbers  in  this  table  are  the  values  of  n  in  the  above  formula,  corrected 
for  the  expansion  of  the  glass. 

It  will  be  seen  that  the  value  of  n  for  argon  is  not  equal  to  values  such  as 
0*6  or  1,  to  which  theoretical  considerations  lead.  F.  G.  D. 

1239.  Argon  Passing  through  Rubber  Films,  Rayleigh.  (Phil.  Mag.  49. 
pp.  220-221,  Feb.,  1900.) — Graham  found  that  when  air  was  allowed  to  per- 
colate through  rubber  films  into  a  vacuum,  the  oxygen  percentage  instead 
of  being  21  was  about  40.  The  author  finds  the  mean  percentage  to  be  87. 
Of  8,205  c.c.  of  percolated  air  1,185  was  oxygen,  and  of  the  remaining  2,020^ 
1,981  consisted  of  nitrogen  and  was  oxidised  out,  leaving  89  c.c.  of  argon,  or 
1*98  per  cent,  of  the  2,020.  In  atmospheric  air  the  proportion  of  argon  in  the 
mixed  nitrogen  and  argon  is  (Kellas)  1*19  per  cent.  Argon,  therefore,  passes 
through  an  indiarubber  film  more  readily  than  nitrogen,  but  not  in  such 
degree  as  to  render  the  diffusion  process  a  useful  one  for  the  concentratioii 
of  argon  from  the  atmosphere.  A.  D. 

1240.  Theory  of  Di fusion,  O.  Wiedeburg.  (Zeitschr.  Phys.  Chem.  80. 
pp.  586-592,  Dec.  80,  1899.) — This  paper  is  to  some  extent  a  criticism,  and 
to  some  extent  a  continuation  of  an  article  by  E.  Bose  (see  1900,  Abstract 
No.  16).  For  the  criticism,  which  chiefly  refers  to  certain  implicit  asstmip- 
tJons,  reference  should  be  made  to  the  original  paper.  An  endeavour  is  made 
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to  calculate  the  value  of  the  velocity  of  a  gramme-molecule  (un-ionised)  of  a 
substance  dissolved  in  water  when  subjected  to  a  unit  force.  The  variation 
of  the  coe£ELCient  of  difiEusion  with  change  of  concentration  may  be  expressed 
by  the  empirical  equation  D  :=  DJ(1  +  yc),  where  D  is  the  value  for  concentra- 
tion c,  and  Do  the  value  for  zero  concentration,  y  being  a  constant  which 

4c 
depends  on  the  nature  of  the  solution.    When  v-  (for  meaning  of  k  and  other 

^^bols  see  the  Abstract  mentioned  above)  is  small  compared  with  unity,  it 

UV 
can  be  shown  that  W =(2  -f-  yk)  ..      ^  approximately.    The  smaller  y  and  k, 

the  more  accurate  the  simple  formula  ^  =~o(  Tt  "*"  V  )*    ^  ^^^^  ^^  made  at 

the  value  of  W  in  the  case  of  an  aqueous  solution  of  salt  at  18°,  of  such  a 
strength  that  the  grade  of  dissociation  is  one-half.  Taking  U  and  V  in 
the  osoal  units  (reckoned  for  infinite  dilution),  the  respective  values  are 
41  X  10""',  03  X  10"*' ;  and  W  (the  value  of  y  being  obtained  from  certain 
experiments  of  Wroblewski)  comes  out  to  be  64  x  10-'.  A.  G. 

1241.  Electrification  and  Surface  Tension.  E.  Merritt  and  S.  J.  Barnett. 
(Phys.  Rev.  10.  pp.  65-78,  Feb.,  1900.  Paper  read  before  the  American 
PhjTsical  Society,  Dec.  28,  1899.) — Since  the  electro-capillary  phenomena 
occurring  at  the  interface  between  a  liquid  metal  and  an  electrolyte,  as  in 
a  cs^illary  electrometer,  are  due  almost  entirely  to  true  alterations  of  surface 
tensioa  resulting  from  the  chemical  changes  of  electrolysis,  it  is  interesting  to 
inqnire  whether  there  are  any  alterations  of  surface  tension  produced  directly 
by  electrification.  In  a  charged  soap-bubble  the  expansion  is  not  due  to  a 
diminution  of  the  surface  tension,  but  to  electrostatic  forces.  To  eliminate 
the  latter  the  surface  tension  was  studied  by  Barnett*s  method  of  capillary 
ripples,  a  surface  of  water  or  mercury  being  made  one  armature  of  a  con- 
denser, while  a  metallic  plate  forming  the  other  was  mounted  above  it.  The 
velocity  of  propagation  of  the  ripples  with  or  without  electric  charge  was 
bDch  as  to  show  no  perceptible  direct  variation  of  the  surface  tension,  after 
allowing  for  the  effect  of  the  electrostatic  force.  E.  E.  F. 

IMS.  Internal  Friction  of  Water.  G.  Pacher.  (N.  Cimento,  10.  pp.  485- 
448, 1899.  From  AtU  del  R.  Institute  Veneto,  58.  2.  pp.;784-814, 1898-1899.)— 
In  the  neighbourhood  of  4°  the  coefficient  of  viscosity  of  distilled  water 
presents  an  anomaly  which  expresses  itself  in  a  flexure  of  the  curve  of  the 
coefiBdent  as  a  function  of  the  temperature.  The  anomaly  in  question  consists 
of  a  maaumum  and  a  minimum  between  4°  and  5^  In  view  of  the  connection 
known  to  exist  between  the  viscosity  and  the  resistance  it  is  very  probable 
that  a  similar  anomaly  occurs  in  the  resistance  of  distilled  water  and  of 
aqueous  solutions.  The  author  suspects  a  connection  between  the  anomaly 
described  and  the  anomaly  in  the  resistance  of  aqueous  solutions  discovered 
by  Lossana.  E.  £.  F. 

1243.  Electric  Thermostat,  W.  Duane  and  C.  A.  Lory.  (Amer.  Journ. 
Sd«  9.  pp.  179-182,  March,  1900.) — An  electric  thermostat  is  employed  by  the  . 
capable  of  keeping  the  temperature  of  a  bath  of  150  litres  capacity 
to  within  0*0005"  C.  The  bath  is  filled  with  a  solution  of  common 
silt  and  heated  by  an  alternating  current,  the  circuit  being  opened  or  closed 
bf  a  mercnry  contact  actuated  automatically  by  the  expansion  and  coiilracVion 
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of  alcohol  contained  in  a  S3rstem  of  brass  tubes  immersed  in  the  bath.  The 
apparatus  can  be  adjusted  to  any  required  temperature,  and  is  extremely 
sensitive,  opening  and  closing  the  circuit  severaJ  times  per  second  if  the 
temperature  tends  to  vary.  L.  B. 

1244.  Mechanical  Principles  of  Flight.  Rayleigh.  (Manchester  Lit.  and 
Phil.  Soc,  Mem.  44.  6.  pp.  1-26,  1899.) — This  lecture  is  occupied  chiefly  with 
the  mechanics  of  soaring,  or  the  sailing  flight  of  birds  with  motionless  wings. 
It  was  previously  shown,  in  1888,  that  "  whenever  a  bird  pursues  his  course  for 
some  timq  without  working  his  wings  we  must  conclude  either  (1)  that  the 
course  is  not  horizontal ;  (2)  that  the  wind  is  not  horizontal,  or  (8)  that  the 
wind  is  not  uniform."  The  third  case  is  most  fully  discussed.  In  a  uniform 
wind  the  available  energy  at  the  disposal  of  the  bird  depends  upon  his  velocity 
relatively  to  the  air  about  him.  Thus  elevation  may  be  gained  proportional 
to  the  loss  of  relative  velocity  squared.  Let  the  wind  blow  horizontally  with 
velocity  +  u  above  a  certain  plane  and  velocity  —  u  below  it.  Let  a  bird  sailing 
above  the  plane  of  separation  have  initial  relative  velocity  v  and  consider  how 
he  might  take  advantage  of  his  circumstances.  Let  him  first,  if  necessary, 
turn  round  until  the  relative  motion  is  down  wind  in  the  upper  stratum, 
and,  second,  drop  through  the  plane  of  separation.  In  passing  through  this 
plane  there  is  a  really  effective  gain.  In  entering  the  lower  stratum  the 
relative  velocity  is  increased  from  v  to  v  -|-  2m.  This  corresponds  to  a  gain 
of  potential  elevation  equal  to  2m(w  -|-  v)lg.  At  this  stage  the  bird  is  moving 
against  the  direction  of  the  wind  in  the  lower  stratum.  He  next  turns  round 
so  as  to  be  with  the  wind  of  the  lower  stratum  and  contrary  to  the  wind  of 
the  upper  stratum.  A  passage  upwards  through  the  plane  now  secures  another 
gain  of  relative  velocity,  or  of  potential  elevation,  of  nearly  the  same  value  as 
before.  An  example  is  given  showing  that  a  difference  of  wind-velocity  of 
4*7  miles  per  hour  above  and  below  the  plane  of  separation  corresponds  to  a 
potential  elevation  of  10  feet  each  time  the  bird  crosses  the  plane  properly 
with  a  speed  of  thirty  miles  per  hour.  The  article  also  shows  how  a  bird 
may  take  advantage  of  the  gustiness  of  the  wind.  The  behaviour  of  aeroplanes 
is  next  discussed  at  some  length,  both  mathematically  and  experimentally. 

£/.  H.  B. 

1246.  Lecture  Demonstrations  of  Wave  Motion,  W.  C.  Baker.  (Phys. 
Rev.  10.  pp.  175-177,  March,  1900.>— A  mercury  tray,  72  x  66  x  7  cm.,  whose 
smooth  bottom  is  painted  white,  is  filled  to  a  depth  of  about  half  a  centimetcNN- 
with  water,  slightly  darkened  with  ink.  The  discoloration  of  the  water  must 
be  such  that  the  bottom  of  the  tray  is  clearly  visible  through  the  layer  of 
liquid  when  at  rest.  If  a  beaker  or  other  round  vessel  of  8  to  10  cm. 
diameter  is  placed  in  the  tray  a  circular  wave  is  set  up  that  spreads  in  ail 
directions.  The  motion  of  this  wave  can  be  clearly  followed,  as  the  thick- 
ness of  the  liquid  at  the  crest  of  the  wave  being  so  much  greater  than  at  the 
trough,  the  appearance  is  that  of  a  dark  band  travelling  over  a  lighter  back- 
ground. The  removal  of  the  beaker  gives  a  second  wave,  so  if  the  beaker  be 
kept  moving  with  a  period  of  one  or  two  seconds  a  train  of  waves  of  the  same 
period  is  produced.  The  use  of  single  waves  or  trains  of  only  two  or  three 
is  advocated  in  order  to  avoid  interference  effects  after  reflection  at  the  sides. 
These  circular  waves  travel  at  from  16  to  25  cm.  per  sec,  and  the  growth  of 
the  waves  reflected  from  the  sides  of  the  tray  can  easily  be  followed  on  accoimt 
of  their  slow  motion.  Waves  approximately  plane  are  obtained  by  using  a 
a  block  of  wood  about  50  x  8  cm.  instead  of  the  beaker.    A  semicirciilar 
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piece  of  barrel  hoop  placed  at  one  end  of  the  tray  plays  the  part  of  a 
concave  or  convex  mirror.  Refraction  phenomena  are  represented  by  the 
use  of  a  piece  of  window  glass,  say  60  X  12  cm.  placed  about  1  mm.  below 
the  surface  of  the  liquid  and  strictly  parallel  thereto,  care  being  taken  that  its 
surface  is  thoroughly  wet.  Trains  of  circular  waves  passing  over  this  shoal 
travel  slower,  decrease  in  curvature,  and  have  a  smaller  wave-length.  Fol- 
lowing the  same  principles  refraction  through  prisms  and  lenses  may  be 
imitated  and  illustrations  of  Huyghens'  principle  and  diffraction  readily 
given.  E.  H.  B. 

1246.  Variation  of  Atmospheric  Pressure  and  Moon's  Declination,  R. 
Bdmstein.  (Phys.  Zeitschr.  1.  pp.  64-66,  1899.  Report  read  before  the 
Naturforscherversammlung  in  Munich.)  —  The  variations  of  standard 
barometers  have  been  carefully  studied  for  eighty  sidereal  months  (from 
January  1, 1898,  to  December  24,  1898,  and  the  results  plotted  in  comparison 
with  the  different  positions  of  the  moon  in  declination  at  Berlin,  Magdeburg, 
and  Potsdam.  It  is  found  that  a  maximum  pressure  generally  occurs  about 
the  eleventh  or  twelfth  day  of  the  lunation,  and  a  minimum  about  the  twenty- 
third,  the  amplitude  of  the  variation  depending  on  the  latitude  of  the  place. 
For  example : — 

Amplitude  at  Berlin  (62°  81'  64-3"  N.)  =  2-851  mm. 

Magdeburg  (62°  7'  46"  N.)  =  2-764  mm. 

Vienna  (48°  16'  N.)  =  1-868  mm. 

Upsala  (69°  616'  N.)  =  1*946  mm. 

San  Fernando  (36°  27'  41-5"  N.)  =  0-768  mm. 

Port  au  Prince  (18°  34'  N.)  =  0*692  mm, 

Batavia  (6°  11'  S.)  =  0141  mm. 

C.  P.  B. 
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1247.  Aerial  Loconiotion.  H.  Wilde.  (Manchester  Lit.  and  Phil.  See,  Mem.  44. 
11.  pp.  1-16,  1900.) — Consists  chiefly  of  descriptions  of  experiments  in  aeronautics 
which  have  yield«l  only  negative  results.  A  parachute  with  vibrating  framework 
is  suggested  as  a  possible  solution  of  the  problem.  E.  H.  B. 

1248.  Construction  oftlte  Curve  PV"  =  C.  D.  A.  Low.  (Mech.  Eng.  6.  pp.  292- 
298,  March  8, 1900.) — A  paper  describing  a  simple  method  of  drawing  any  number 
of  corves  of  the  form  PV*  =  C,  and  showing  how  to  find  out  whether  a  given  curve 
is  of  this  form,  and  if  so,  showing  how  to  find  the  value  of  the  index  n.  A.  S. 

1240.  Horizontal  Pendulum  in  Seismometry.  G.  Agamennone.  (Accad. 
Lincei  Atti,  9.  pp.  107-114,  Feb.  18, 1900.) — This  paper  describes  various  examples. 

A.  G. 
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1260.  Nature  of  White  Light.  £.  Carvallo.  (Comptes  Rendus,  180. 
pp.  401-408,  Feb.  12,  1900.) — ^The  author  proposes  the  following  crucial 
experiment,  whose  realisation  is  conceivable,  to  decide  the  point  at  issue 
between  M.  Gouy  and  himself  [see  Abstracts  Nos.  817,  818,  819  (1900)]  :  Let 
the  spectroscope  be  reduced  to  a  concave  grating,  and  let  the  grating  be 
enlarged  in  the  proportion  of  sound  waves  to  visible  light  waves.  Finally,  let 
the  source  of  light  be  replaced  by  a  tuning-fork.  If  the  tuning-fork  is 
electrically  driven,  it  will  produce  a  sinusoidal  wave  train.  At  the  focus  of 
the  spectroscope,  we  should  find  sonorous  points  corresponding  to  the  ra3rs 
emitted  by  monochromatic  light.  Let  the  tuning-fork  be  stopped.  Its 
vibrations  will  be  damped,  and  certain  processes  permit  of  the  variation  and 
regulation  of  the  damping.  If,  under  such  circumstances,  a  sound  spectrum 
is  found  to  exist,  there  will  be  a  confirmation  of  Gou/s  views.  If,  on  the 
other  hand,  the  sound  is  everywhere  the  same,  with  an  intensity  varying 
according  to  the  point  of  the  focal  surface,  and  the  sound  is  extinguished  with 
the  vibration  of  the  tuning-fork  itself,  then  the  author's  own  views  are  verified. 

E.  E.  F. 

1261.  Duration  of  Faraday  Effect.  H.  Abraham  and  J.  Lemoine. 
(Comptes  Rendus,  180.  pp.  49WJ01,  Feb.  19, 1900.)— By  the  method  used  for 
determining  the  duration  of  the  Kerr  effect  (see  1899,  Abstract  No.  1859),  the 
authors  have  also  tested  the  existence  of  a  time-lag  in  the  Faraday  effect. 
They  find  that  the  magnetic  rotatory  polarisation  decreases  by  one-half  in 
1/lOOth  of  a  micro-second,  and  is  nearly  zero  after  the  lapse  of  double  that 
time.  Practically,  therefore,  both  the  Faraday  effect  and  the  Kerr  effect 
fc^ow  the  changes  of  the  field  without  retardation.  E.  E.  F. 

1262.  Spectrum  of  Cyanogen.  W.  N.  Hartley.  (Roy.  Dublin  Soc.,  Proc. 
9.  pp.  289-297,  April  7,  1900.) — ^The  paper  chiefly  consists  of  a  reply  by  the 
author  to  a  criticism  of  his  former  work  by  Eder  and  Valenta.  He  also 
describes  his  observation  of  the  cyanogen  bands  in  the  spectrum  of  an  oxy- 
coal-gas  flame,  the  presence  of  the  cyanogen  being  subsequently  proved 
chemically  by  passing  the  gas  through  alkaline  ferrous  sulphate  and  final 
precipitation  of  Prussian  blue  in  the  usual  manner.  C.  P.  B. 

1263.  Reference-Points  in  Spectra.  M.  Hamy.  (Comptes  Rendus,  180. 
pp.  700-701,  March  12,  1900.) — ^The  author  refers  to  a  previous  paper  by 
Fabry  and  Perot,  in  which  they  imply  that  the  red  lines  of  cadmium  used  by 
Hamy  and  Michelson  are  not  identical.  Hamy  explains  this  by  stating  that 
with  Michelson's  tube  containing  internal  electrodes  the  red  cadmium  line  at 
X508  is  a  doublet,  one  component  strong,  the  other  feeble;  with  external 
electrodes  to  the  tubes,  however,  Hamy  finds  this  same  line  to  be  a  triplet, 
or  a  doublet  having  equal  components,  with  a  simple  line  on  the  less 
refrangible  side.  For  practical  work  he  finds  these  tubes  without  internal 
electrodes  much  more  constant  than  the  usual  form.  C.  P.  B. 
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1264.  Series  in  Spectra.  E.  A.  Partridge.  (Frank.  Inst.,  Journ.  149. 
pp.  198-206,  March,  1900.) — ^A  most  useful  review  of  the  present  state  of 
knowledge  respecting  spectral  series,  containing  references  to  most  of  past 
publications  on  the  subject,  from  Lecoq  de  Boisbaudran's  first  paper  in  1869 
to  the  present  time.  The  nearest  approach  to  an  accurate  formula  was  that 
of  Balmer,  in  1885,  which  was,  however,  only  applied  to  the  hydrogen  spectrum. 
In  1888  Kayser  and  Runge,  of  Hanover,  announced  the  discovery  of  a  more 
universal  formula,  of  which  that  of  Balmer  was  a  special  case,  and  from  that 
time  they  have  been  engaged  in  successively  photographing  the  elements  of 
the  various  periodic  groups  and  searching  their  spectra  for  series.  It  is 
found  that  the  percentage  of  lines  falling  into  series  in  any  spectrum  is 
almost  inversely  proportional  to  the  melting-point  of  the  element.  The  con- 
temporaneous work  of  Humphreys  on  the  effect  of  pressure  on  change  of 
wave-length  goes  to  confirm  much  of  Kayser  and  Runge's  series  determina- 
tions, as  he  finds  that  all  the  lines  in  any  one  series  have  the  same  "  displace- 
ment" due  to  pressure,  but  the  amount  varies  for  the  different  series.   C.  P.  B. 

1265.  Anomalous  Dispersion  in  Infra-Red,  £.  Aschkinass.  (Phys. 
Zeitschr.  1.  pp.  58-54, 1899.  Report  read  before  the  Naturforscherversamm- 
lung  in  Munich.) — ^This  paper  is  similar  to  that  noticed  in  Abstract  No. 
626(1900),  but  gives  a  few  further  results.  Thus  bands  of  anomalous  dispersion 
occur  at  the  following  positions  : — 

Calcspar 6*67  /i  and  1140  /i. 

Marble 6*69 /i    „    1141 /«, 

Gypsum  8*69fc. 

Alum    9'05/i. 

Sodium  bromide   50-55fi.  C.  P.  B. 

1256.  Fluorescence  of  Metallic  Compounds  caused  by  Rontgen  and  Becquerel 
Rays.  P.  Bary.  (Comptes  Rendus,  180.  pp.  776-778,  March  19,  1900.)-— 
The  only  salts,  besides  the  phosphorescent  uranium  salts,  which  show 
fluorescence  under  the  action  of  the  Rontgen  rays  are  compounds  of  the 
alkali  or  alkaline  earth  metals.  On  all  these  substances,  a  list  of  which  is 
given,  the  Becquerel  rays  exert  a  similar  action.  T.  H.  P. 

1257.  Radio-cKtive  Bodies,  M.  and  Mme.  Curie.  (Soc.  Fran?.  Phys., 
BolL  142.  p.  6,  Jan.  19,  1900.) — Polonium  (which  chemically  resembles 
bismuth)  falls  off  slowly  in  its  radio-active  power.  Radium  (similar  to 
barium)  seems  to  have  a  higher  atomic  weight  than  barium,  for  the  atomic 
weight  of  barium  seems  higher  (146)  in  radif  erous  barium  compounds  than  it 
does  (187)  in  compounds  free  from  radium.  The  solid  compounds  of  radium 
become  more  radio-active  as  time  goes  on,  and  do  not  reach  their  maximum 
activity  within  a  month  ;  their  initial  condition  is  restored  by  dissolving  them 
and  recrystalli^ng.  The  chloride  and  bromide  of  radium  are  the  most 
bri^itly  luminous  compounds ;  but  all  the  salts  are  so  to  some  extent. 
Induced  phosphorescence  and  induced  radio-activity  in  the  neighbourhood  of 
nKfium  as  described  by  Becquerel  were  discovered  by  the  authors.  Radium 
ratfs  act  in  many  ways  like  light ;  they  reduce  silver  salts,  peroxide  of  iron, 
and  bichromate  of  potash  in  presence  of  organic  substances :  but  they  also 
ookmr  glass,  porcelain,  and  white  paper,  and  they  transform  greenish-yellow 
piationcyanide   of   barium  into   a    brown  variety.    GHiesel  had  prepared 

oi  barium  with  a  trace  of  radium ;  this  spontaneously  became 
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manganous  and  ferric  silicates,  a  disturbance  brought  about  slowly  by  sun- 
light, quickly  by  radium  rays.  This  chemical  equilibrium  is  properly  one 
pertaining  to  the  high  temperature  of  fused  glass,  and  not  to  ordinary  tem- 
peratures :  and  there  is  a  constant  tendency  to  the  disturbance  which  the 
radium  rays  facilitate.  A.  D. 

1260.  Radium  Radiations  in  a  Magnetic  Field.  H.  Becquerel.  (Journ. 
dc  Physique,  9.  pp.  71-78,  Feb.,  1900.  Soc.  Fran?.  Phys.,  Bull.  140.  pp.  2-8  ; 
discussion,  pp.  8-4,  1899.)— The  radiations  from  radium  are  deviated  in  a 
magnetic  field,  being  concentrated  upon  the  poles  in  a  non-uniform  field. 
Ra3rs  in-  the  same  direction  as  a  uniform  field  are  not  deviated ;  those  in  a 
plane  at  right  angles  to  the  field  are  deviated  along  circular  lines.  Between 
opposed  polai*  faces,  when  the  electromagnet  is  not  excited,  the  phosphor- 
escence or  photographic  efiFect  is  widespread  and  weak ;  when  the  electro- 
magnet is  set  in  action  the  area  a£Fected  is  narrowed  and  the  e£Fect  is  more 
intense.  When  the  radium  compound  and  the  fluorescent  substance  are 
arranged  on  surfaces  parallel  to  the  lines  of  force,  putting  the  electromagnet 
in  action  diffuses  the  e£Fect,  and  the  rays  are  bent  curvilinearly,  so  that 
shadows  cannot  be  produced  unless  this  is  kept  in  view.  With  polonium  the 
predominant  result  (Curie)  is  that  there  is  no  such  deviation.  Radio-active 
bodies,  therefore,  give  out  two  kinds  of  rays,  deviable  and  not  deviable  in  a 
magnetic  field.  Curie  pointed  out  that  these  properties  were  like  those  of 
kathode  rays,  while  in  other  respects  radium  rays  were  very  like  Rontgen  rays. 

.Becquerel  replied  that  the  phenomena  of  phosphorescence  brought  radium 
rays  near  to  ultra-violet  rays.  A.  D. 

1261.  Radiations  from  Radium,  H.  Becquerel.  (Comptes  Rendus, 
180.  pp.  206-211,  Jan.  29,  and  872-876,  Feb.  12.  Soc.  Fran?.  Phys.,  Bull.  144, 
pp.  2-3 ;  discussion,  pp.  8-4,  Feb.  16,  1900.) — The  radiations  from  radium, 
transmissible  through  black  paper  and  deviable  by  a  magnetic  field,  arc 
deviated  to  the  same  extent  whether  they  travel  in  air  or  in  a  vacuum.  The 
different  salts  of  radium  give  out  rays  equally  deviable,  that  is  to  say,  of  the 
same  nature,  and  only  differing  in  their  intensity.  Rays  travelling  normally 
to  a  uniform  magnetic  field  describe  a  closed  trajectory  which  brings  them 
back  to  the  point  of  emission  :  very  much  as  in  the  case  of  kathode  rays,  and 
as  if  we  had  to  do  with  forces  acting  upon  negative  electric  masses  traversing 
the  magnetic  field  with  high  velocity.  In  a  magnetic  field  aluminium  and 
most  other  substances  seem  to  be  more  transparent  to  these  rays  close  to  the 
source  than  they  are  at  a  distance  of  2  cm.  On  the  assumption  of  negative 
electric  masses  at  high  velocities,  the  masses  and  charges  might  be  small,  but 
the  ratio  mje  appreciable.  Then  as  v,mle  =  Hp,  where  v  is  the  velocity  and  p 
the  radius  of  curvature  of  the  trajectory,  H  being  found  equal  to  4,000  and  p 
to  0*87  cm.,  v.mfe  would  be  about  1,500  ;  which  is  of  the  same  order  as  the 
values  found  for  kathode  rays  by  }.  J.  Thomson,  W.  Wien,  and  Lenard.  In 
an  dectric  field  of  intensity  F,  the  deviation  should  be  9  =:  F/  /  (t^m/e),  where 
/  is  the  length  of  path  in  the  field.  No  deviation  has  as  yet  been  obtained ; 
but  if  9  be,  as  in  the  case  of  kathode  rays,  of  the  same  order  as  the  velocity  of 
light,  say  one-fourth  as  great,  a  deviation  of  l  radian  or  11*4^  on  a  trajectory 
of  1  cm.  would  require  a  potential  difference  of  20,000  volts  between  two 
plates  1  cm.  apart    Experiments  under  such  conditions  have  not  yet  been 

The  part  of  the  rays  from  radium  deviable  by  a  magnetic  field  is 
along  trajectories  with  different  radii  of  curvature,  the  absorption 
of  v^iich  by  different  screens  varies  with  the  nature  and  the  position  of  Ibe^ 
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potential  difference  between  the  electrodes  and  tends  to  a  constant  value  for 
large  E.M.F.'s.  The  amount  of  radio-activity  is  independent  of  the  pressure 
of  the  gas,  except  at  low  pressures,  when  the  amount  on  the  negatively  charged 
conductor  decreases  with  the  pressure.  The  amount  is  not  much  affected 
whether  the  gas  is  H,  air,  or  CO9.  No  increase  of  weight  has  been  observed 
by  making  a  body  radio-active.  The  radiation  from  a  platinum  wire  is  not 
much  altered  by  placing  the  wire  in  a  frame,  in  hot  or  cold  water,  or  in  nitric 
acid.  HCl  and  HjSO^  rapidly  remove  the  radio-activity  from  its  surface.  Dis- 
cussion of  three  possible  explanations ;  (a)  a  kind  of  phosphorescence  excited 
by  radiation  from  thorium  ;  (b)  deposition  of  the  positively  charged  gaseous 
ions  produced  in  the  gas ;  (c)  deposition  of  particles  of  a  radio-active  material 
emitted  by  thorium  compounds.  Of  these  (a)  will  not  serve,  and  between  (6) 
and  (c)  the  evidence  is  not  conclusive,  though  (c)  seems  somewhat  the  more 
tenable  view.  The  power  of  exciting  radio-activity  in  this  way  seems  to  be 
confined  to  thorium  compounds.  A.  D. 

1264.  Phosphorescence  and  Temperature,  G.  le  Bon.  (Comptes  Rendus, 
180.  pp.  891-894,  April  2, 1900.) — The  author  has  experimented  on  the  phos- 
phorescent power  of  four  radio-active  materials  having  barium  bromide  for 
base.  All  four  discharged  an  electroscope  when  placed  near  it.  Three  of 
the  samples  possessed  an  intense  phosphorescence  without  being  exposed  to 
light  The  fourth  appeared  non-phosphorescent,  but  it  became  phosphor- 
escent on  being  placed  on  a  plate  heated  to  200*.  If  kept  at  this  temperature 
it  soon  lost  its  phosphorescence.  On  cooling  it  did  not  phosphoresce,  and 
only  partially  regained  the  power  of  phosphorescing  under  heat  after  some 
boors  in  darkness.  It  required  two  or  three  days  to  completely  regain  the 
power.  The  substances  which  phosphoresced  at  ordinary  temperatures  lost 
their  phosphorescence  when  placed  on  the  hot  plate  but  rephosphoresced  on 
cooling,  and  this  cycle  could  be  repeated  indefinitely.  The  author  attributes 
these  phenomena  to  a  series  of  chemical  reactions  which  take  place  at  different 
temperatures.  He  has  experimented  with  other  phosphorescent  bodies  in 
which  the  chemical  changes  are  known,  to  obtain  support  for  this  hypothesis. 

J.  B.  H. 
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1266.  Reference  Points  in  Spectra.  A.  Perot  and  C.  Fabry.  (Comptes 
Rendus,  180.  pp.  492-496,  Feb.  19, 1900.)— In  continuation  of  their  former  work  the 
authors  have  determined  by  their  interferential  spectrometer  a  series  of  standard 
wave-lengths  from  X  4,300  to  X  6,700.  The  present  paper  also  describes  a  recent 
improvement  for  more  accurately  gauging  the  distance  between  the  interfering 
surfaces,  and  contains  a  list  of  eighteen  standard  lines  in  the  spectra  of  mercury, 
zioc,  copper,  silver,  sodium,  and  lithium.  C.  P.  B. 

1266.  Energy  in  Spectrum  of  a  Black  Body.  F.  Paschcn.  (Preuss.  Akad. 
Ulss.  Berlin,  S.bcr.  63.  pp.  969-976, 1899.)— In  previous  articles  (see  1899,  Abstracts 
Kos.  1348, 1482)  the  author  has  investigated  the  distribution  of  energy  in  the  spectrum 
of  a  black  body  at  temperatures  from  100°  to  460°  C.  The  present  article  contains 
description  of  apparatus  and  experimental  data  extending  the  inquiry  to  about 
1,300»  C.  C.  P.  B. 

1867.  PropagaUon  of  Light.  Q.  Sagnac.  Qoum.  de  Physique,  9.  pp.  177-189, 
Aprfly  1900). — ^An  article  dealing  at  length  with  the  subjects  referred  to  in  Abstracts 
Hew.  48  and  614  (1900). 
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1268.  High  Temperature  Thermometer  of  Quartz,  A.  Dufour.  (Comptes 
Rendus,  180.  pp.  115-176,  March  19,  1900.)— The  author  describes  a  thermo- 
meter consisting  of  a  quartz  tube  and  bulb  containing  tin ;  temperatures 
between  240°  and  580°  can  be  measured  with  it.  T.  H.  P. 

1269.  Simple  Apparatus  for  Expansion  of  Air,  C.  F.  Adams.  (Phys. 
Rev.  10.  pp.  17&-179,  March,  1900.>--This  apparatus  is  designed  to  facilitate 
the  attainment  by  elementary  students  of  a  good  determination  of  the 
expansion  coefficient  of  air  at  constant  pressure.  It  consists  of  a  glass 
U-tube  of  8  or  4  mm.  bore.  The  limb  which  contains  the  air  is  about  80  cm. 
long,  and  is  closed  at  the  end  by  a  piece  of  glass  fused  into  it.  The  other 
limb  is  about  50  cm.  long  and  open  at  the  end.  The  bend  of  the  tube  con- 
tains sulphuric  acid  to  a  depth  of  about  10  cm.  Another  glass  tube  is  slid 
into  the  longer  limb  of  the  U-tube  and  dips  into  the  acid.  This  tube  serves 
as  a  plunger,  and  is  used  to  adjust  the  level  of  the  acid  to  the  same  height  in 
each  limb  as  ascertained  by  a  sliding  cross-piece.  Temperatures  between 
10°  and  50°  C.  are  used  in  the  experiments.  Within  these  limits  the  vapour 
pressure  of  the  acid  is  negligible  and  the  use  of  acid  instead  of  mercury  insures 
the  dryness  of  the  air  under  examination.  The  U-tube  is  placed  successively 
in  water  baths  of  various  temperatures,  the  plunger  and  cross-piece  being 
each  time  adjusted  and  the  measurement  of  volume  made  on  withdrawal 
from  the  bath.  The  significant  figures  of  the  results  obtained  by  one  class  of 
students  are  as  follows  :  868,  864,  869,  868,  864,  871,  851,  866.  E.  H.  B. 

1270.  Fusion  of  Rubidium,  M.  Eckardt.  (Ann.  d.  Physik,  1.  4.  pp. 
790-792,  April,  1900.)— Large  quantities  of  rubidium  and  caesium  were  pre- 
pared by  a  new  process,  and  their  change  of  volume  during  fusion  was 
determined  by  means  of  a  special  paraffin  dilatometer  securing  perfect  pro- 
tection against  oxidation.  The  fusing-point  of  rubidium  was  found  to  be 
87*80°.  On  melting,  1  gramme  of  rubidium  was  found  to  increase  in 
volume  by  0*01657  c.c.  The  corresponding  expansion  of  caesium  was 
0*01898  C.C.  E.  E.  F. 

1271.  Bunsen's  Ice-Calorimeter,  J.  W.  Mellor.  (Journ.  Phys.  Chem.  4. 
pp.  185-186,  Feb.,  1900.)— In  order  to  exclude  all  air  from  the  water-chamber, 
fill  the  chamber  a  third  full  with  distilled  water,  attach  the  side  tube  of  the 
calorimeter  to  a  tube  passing  through  the  cork,  and  nearly  to  the  bottom,  of 
an  ordinary  distilling  flask  half  filled  with  distilled  water,  the  side  neck  of 
which  is  fitted  to  one  end  of  a  Liebig's  condenser  whose  other  end  is  connected 
to  a  water  air-pump.  Set  the  pump  in  action  and  heat  both  calorimeter  and 
flask  until  the  latter  gives  the  characteristic  "  hammering"  when  shaken  :  the 
calorimeter  will  then  become  filled  with  air-free  water  on  removing  the  flame 
that  heats  it.  R.  E.  B. 

1272.  New  Thermo-Calorimeter,    G.  Massol.    (Comptes  Rendus,  180.  pp.       * 
1126-1128,  Apnl  28,  1900.)— For  the  investigation  of  the  specific  heats  of      j 

super/used  bodies  and  of  very  concentrated  saline  solutions  near  their  fusing- 
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and  boiling-points  Regnault*s  thermo-calorimeter  is  especially  adapted,  but  its 
range  is  very  limited.  The  author,  therefore,  provides  an  extra  chamber  at 
the  top  of  the  measuring-tube,  as  in  Walferdin's  thermometers,  so  that 
var3ring  amounts  of  the  measuring  liquid  may  be  employed ;  he  replaces 
alcohol  by  sulphuric  acid  so  that  he  may  operate  up  to  800°  C.  instead  of  being 
limited  to  5&,  and  instead  of  a  cooling  chamber  surrounded  by  ice  he 
employs  any  suitable  constant-temperature  stove.  R.  E.  B. 

1273.  Isothermals  of  Gaseous  Mixtures,  N.  Quint.  (Phys.  Zeitschr.  1. 
pp.  65-66,  1809.  Communication  from  the  Physical  Laboratory  of  the 
University  of  Amsterdam.) — ^To  test  van  der  Waals'  theory  of  the  mixture  of 
two  bodies,  mixtures  of  ethane  and  hydrochloric  acid  were  examined,  and 
the  two  gases  were  also  examined  separately.  Among  the  results  obtained  it 
appears  that  the  critical  temperature  of  the  mixture  examined  is  27*2°. 
Although,  therefore,  the  critical  temperatures  of  the  pure  substances  are 
separated  by  some  20  degrees,  the  critical  temperature  of  the  mixture  is  found 
to  be  outside  those  of  the  two  constituents.  This  result,  which  confirms 
similar  results  previously  obtained,  is  in  direct  contradiction  to  Pawlewski's 
mlc.  E.  E.F. 

1274.  Themuhdynamical  Properties  oj  Superheated  Steam,  J.  H.  Grindley . 
(Roy.  See.,  Proc.  66.  pp.  79-86,  March  8,  1900.) — In  experiments  on  wire- 
drawing saturated  steam  the  law  of  adiabatic  expansion  is  assumed  to  hold 
during  the  flow,  and  is  used  in  obtaining  temperature  results  from  wire- 
drawing calorimeters  for  the  determination  of  the  initial  dryness  of  steam. 
If  the  assumption  is  correct,  it  appears,  from  the  theory,  that  when  the  ratio 
of  the  lower  to  the  higher  pressure  on  opposite  sides  of  the  orifice  is 
diminished  below  a  certain  value,  the  higher  pressure  being  constant,  the  rate 
of  discharge  of  the  steam  should  be  constant.  For  saturated  steam  this  ratio 
b  0-6824.  If  the  flow  of  steam  be  truly  adiabatic  this  ratio  giving  maximum 
flow  should  be  actually  found  by  experiment ;  if  some  other  value  be  found, 
the  law  of  flow  is  not  adiabatic.  An  experiment  was  made  with  an  orifice 
drilled  in  a  piece  of  thin  brass,  when  it  was  found  that  the  maximum  dis- 
charge did  not  occur  until  the  pressure  ratio  had  fallen  to  0*888 — a  value  far 
below  that  indicating  adiabatic  flow.  A  later  experiment  was  made  with  an 
orifice  drilled  in  a  glass  plate,  the  experimental  results  showing  a  complete 
agreement  with  the  theory  of  adiabatic  flow. 

Experiments  were  conducted  with  saturated  steam  at  a  known  pressure 
and  temperature  in  the  steam  chest,  but  at  different  degrees  of  wetness  in 
di£Ferent  experiments.  The  maximum  difference  of  temperature  at  any  par- 
ticular pressure  in  the  wiredrawn  steam  which  could  be  found  to  exist 
between  experiments  with  different  degrees  of  wetness  was  0*86°  F. 
Generally  the  difference  could  not  be  distinguished  ;  if  the  dryness  of  the 
steam  before  passing  the  orifice  had  been  altered  by  so  little  as  0*06  per  cent., 
a  difference  of  i°  F.  should  have  been  observed  in  the  temperature  of  the 
wiredrawn  steam.  Between  the  limits  of  temperature  obtained  by  wire- 
drawing saturated  steam  at  temperatures  var3ring  from  240°  to  880°  F.,  the  con- 
dition of  a  perfect  gas  was  not  obtained,  even  when  the  wiredrawing  was 
oontinoed  to  8  or  4  lbs.  per  square  inch  absolute  pressure.  Between  the  same 
temperatures,  and  between  pressures  of  2*6  and  196  lbs.  per  square  inch,  the 
spedfic  heat  at  constant  pressure  was  found  to  increase  with  temperature,  the 
aeaa  specific  heat  at  atmospheric  pressure  between  the  temperatures  280° 
and  MT  being  0.4817,  and  between  the  temperatures  296°  and  811°  the  me^ti 
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THEORY  AND  ELECTROSTATICS. 

1276.  Electron  Theory  of  Metals,  P.  Drude.  (Ann.  d.  Physik,  1.  8.  pp. 
566-618,  March,  1900.) — The  author  uses  the  term  "  ion  "  for  the  combination 
of  electric  particles  and  ponderable  masses  found  in  electrolytes,  and  he 
calls  the  particles  probably  concerned  in  metallic  conduction  "  electrons  "  or 
"  electric  nuclei."  He  leaves  it  undecided  whether  an  electron  carries  any 
ponderable  mass  along  with  it.  It  is  not  necessary  to  attribute  ponderable 
mass  to  an  electron  in  order  to  be  able  to  attribute  kinetic  energy  to  its 
motion,  and  a  certain  inertia,  as  exhibited  in  the  magnetic  deviation  of  kathode 
rays  and  the  optical  qualities  of  metals.  Since  every  moving  electron  repre- 
sents an  electric  current,  producing  a  certain  number  of  magnetic  lines  of 
force  in  the  surrounding  ether,  all  forces  tending  to  alter  the  direction  and 
velocity  of  an  electron  must  call  forth  opposing  forces  due  to  a  change  in 
the  number  of  magnetic  lines  of  force  attached  to  the  electron,  or,  in  other 
words,  due  to  the  self-induction  of  the  electron.  Since  the  self-induction  of  a 
current  of  given  strength  is  the  greater  the  smaller  the  section  in  which  it  is 
concentrated,  the  apparent  mass  of  an  electron  must  depend  upon  its  charge 
and  upon  its  dimensions.  The  absence  of  a  ponderable  mass  attached  to  the 
electron  makes  it  possible  to  bring  metallic  and  electrolytic  conduction  under 
the  same  theory.  The  assumption  that  the  ratios  of  charge  to  mass  in  the 
positive  and  negative  electrons  respectively  are  two  absolute  constants  in  all 
metals  is  not  in  agreement  with  the  optical  behaviour  of  the  latter.  In  gold 
and  copper  it  is  necessary  to  assume  the  presence  of  bound  electrons,  having 
a  certain  position  of  equilibrium  in  the  body,  and  bound  to  the  material 
particles.  It  is  these  bound  electrons  which  play  a  part  in  optical  processes. 
The  author's  theory  differs  from  that  of  Riecke  in  the  smaller  number  of 
onproved  h3rpotheses,  based  as  it  is  upon  the  laws  of  gases.  Loschmidt's 
value  for  the  number  of  molecules  in  1  c.c.  of  a  gas,  and  Thomson's  value  for 
the  charge  of  an  electron. 

The  author  assumes  the  existence  of  any  number  of  different  kinds  of 
electrons  with  various  charges,  each  charge  being,  however,  a  multiple  of  a 
certain  elementary  charge.  These  freely  movable  electrons  or  ''  nuclei "  are 
assumed  to  obey  the  kinetic  theory  of  gases.  That  positive  and  negative  nuclei 
do  not  coalesce  to  a  neutral  point,  in  spite  of  their  mutual  attraction,  is  attri- 
buted to  their  high  kinetic  energy,  as  in  the  case  of  a  comet  which  never  returns 
to  the  solar  system.  The  ponderable  atoms  of  a  solid  may  also  possess 
kinetic  energy,  but  are  bound  to  certain  positions  of  equilibrium.  Exceptions 
from  Wiedemann's  law  of  conductivities  occur  wherever  the  number  of  nuclei 
depends  upon  the  temperature.  From  the  deviation  of  a  metal  from  that  law 
tile  ratio  of  the  conductivities  of  its  two  types  of  nuclei  may  be  calculated. 
The  aothor  investigates  the  phenomena  of  contact  electricity  and  thermo- 
electricity, both  in  liquids  and  solids,  with  the  aid  of  his  theory,  and  arrives  at 
the  coodosion  that  all  galvano-  and  thermo-magnetic  effects  may  be  explained 
and  calculated  with  its  aid,  as  he  intends  to  show  in  detail  in  two  further 
cnrnmnnications.  ^.lg..¥. 

voju  m.  21 
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1277.  Relation  between  Magnetic  Field  and  Permeability.  R.  A.  Fessenden. 
(Phys.  Rev.  10.  pp.  1-88,  Jan.,  and  88-116,  Feb.,  1900.)— In  connection 
with  his  determination  of  the  nature  of  the  electromagnetic  quantities  the 
author  was  led  to  investigate  the  various  suggested  relations  between  ft  and 
H,  in  the  hope  of  thus  finding  the  needed  fourth  equation  [see  1900,  Abstract 
No.  1278].    The  relation  proposed  by  Lamont  and  Frolich  is — 

l/^  =  a  +  6H. 
Kennelly's  formula,  proposed  October,  1891,  is — 

l/(;i-l)==fl  +  6H=|.,. 

The  first  is  obviously  incorrect  for  high  values  of  induction,  as  it  makes  the 
total  inductipn  reach  a  limit,  and  E wing's  experiments  show  this  is  not  the 
case.  Kennelly's  formula,  on  the  other  hand,  has  been  confirmed  by 
Steinmetz  and  again  by  the  author  in  a  research  here  detailed.  The 
difference  between  the  two  is  that  Kennelly  considers  the  induction  con- 
tributed by  the  iron  as  separate  and  distinct  from  that  contributed  by  the 
ether,  in  the  same  manner  as,  in  Gladstone's  law,  we  consider  the  refraction 
contributed  by  the  matter  as  distinct  from  that  contributed  by  the  ether. 
There  are  thus  two  magnetic  circuits  in  parallel :  one,  the  intrinsic  circuit, 
carrying  a  flux  numerically  equal  to  B  —  H  ;  the  other,  the  extrinsic  circuit, 
carrying  a  flux  numerically  equal  to  H.  As  they  both  have  the  same  difference 
of  magnetic  potential  across  them,  the  magnetic  resistivity,  or  reluctivity,  is, 
in  the  two  cases,  numerically  H/(B  •—  H)  and  H/H.  Kennelly's  law  means  that 
this  intrinsic  reluctivity,  v.-  is  given  by  the  formula  a  +  6  H,  or  that  this  intrinsic 
reluctivity  varies  as  the  space  rate  of  drop  of  magnetic  potential  varies.  The 
papers  of  Kennelly  and  Steinmetz  showed  an  experimental  agreement  with 
the  formula  fairly  close  in  all  cases  examined.  Still  the  formula  had  been  put 
forward  as  a  purely  empirical  one  and  not  as  the  expression  of  any  physical 
law.  The  present  author  accordingly  subjected  it  to  a  searching  test.  For 
this  purpose  he  objects  to  the  current  experimental  methods,  whether  with 
long  wires  or  rings  of  the  ordinary  form,  and  describes  the  elaborate  pre- 
cautions taken  in  his  own  research  on  soft  iron.  This  obeyed  the  formula 
with  a  maximum  deviation  of  i  per  cent.,  which  was  the  maximum  amount  of 
experimental  error.  On  reviewing  the  work  of  Gerosa  and  Funzi,  of  Steinmetz 
and  of  Silow,  on  iron,  on  the  non-magnetic  10  per  cent,  amalgam  of  iron  with 
permeability  as  low  as  2,  and  on  solutions  of  chloride  of  iron  respectively,  it  is 
concluded  that  it  is  extremely  probable  that  the  law  holds  generally  and  that 
the  following  statements  are  justified.  The  relation  between  H  and  Vi  is  givea 
for  all  substances  by  the  equations — 

v,=  a  +  6H,or£/B,/rfH  =  aB?/H», 

where—  B,=  B  — H. 

The  constant  a  is  shown  to  have  the  nature  of  elasticity,  and  b  is  shown 
to  have  zero  dimensions.    Further — 

-^=0*007  approximately, 

where  ti  is  the  hysteresis  loss  per  c.c.  per  cycle.  ;■ 

[The  remainder  of  this  paper  is  dealt  with  in  Abstracts  Nos.  1288,  1384»  i 
1286,  1278,  and  1279  (1900).]  E.  H.  B 
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1278.  Nature  of  Electromagnetic  Quantities.  R.  A.  Fessenden.  (Phys. 
Rev.  10.  pp.  1-88,  Jan.,  and  88-116,  Feb.,  1900.)— Following  up  the  work 
of  Rficker  (Phil.  Mag.,  Feb.,  1889)  and  WiUiams  (Phil.  Mag.,  Sept.,  1892), 
the  present  author,  by  use  of  dimensional  formulas,  determines  the  nature  or 
quality,  of  quantity  of  electricity,  quantity  of  magnetism,  dielectric  constant  and 
magnetic  permeability.  Let  these  physical  quantities  be  denoted  respectively 
by  Q,  P,  c,  and  fi ;  then  it  had  been  shown  by  Williams  that,  on  making 
certain  very  natural  assumptions,  there  were  only  two  possible  solutions. 
Of  these,  one  makes  fi  a  density  and  c  the  reciprocal  of  an  elasticity, 
while  the  other  interchanges  the  natures  of  these  two  quantities.  It  is  here 
pointed  out  that  this  ambiguity  remained  because  some  time  back  only 
three  independent  phenomena  were  known  connecting  the  four  unknown 
quantities.  The  author's  experiments  and  his  examination  of  the  results 
of  others  have  led  him  to  formulate  a  fourth  relation  as  follows  :  "  For 
all  magnetic  substances  the  rate  of  variation  of  magnetisation  with  mag- 
netising force  is  proportional  to  the  square  of  the  magnetic  susceptibility." 
This  relation  is  based  on  an  equation  originally  proposed  by  Kennelly  in 
1891.  The  suggestion  to  search  for  a  new  relation  between  fi  and  H  was 
derived  from  consideration  of  the  three  relations  previously  known,  which 
may  be  expressed  thus: — 

Q/P  =  cV 
QP   =  ML»/T 
r»^«  =  T/L 

Of  these  three  equations  (1)  is  derived  from  Coulomb's  law  and  its  magnetic 
analogue  ;  (2)  is  from  Farada3r's  law,  that  the  time  rate  of  change  of  induction 
is  a  measure  of  the  voltage,  voltage  multiplied  by  current  giving  power  ; 
while  (8)  is  from  Weber's  law,  that  a  circuit  carrying  a  current  is  equivalent 
in  its  magnetic  e£Fect  to  a  magnetic  shell  whose  moment  is  equal  to  the  area 
enclosed  by  the  contour  of  the  circuit.  This  third  equation  is  known  as 
Maxwell's. 

A  fourth  relation  was  then  written  as  follows : — 

ic*/a»*  =  Z  (4) 

and  different  dimensional  values  assigned  to  Z  and  the  consequences 
discussed.  Williams's  result  is  then  reached  that  either  c  is  a  density  and 
fi  a  compliancy,  or  vice  versa.  The  critical  relation  is  then  inferred,  viz., 
**0f  m  and  fi,  the  one  which  is  a  compliancy  will  be  an  inverse  function  of  the 
corresponding  forced  This  is  the  touchstone.  It  is  known  that  the  capacity 
of  a  condenser  does  not  decrease  with  increased  voltage,  and  equally  well 
known  that  the  permeance  of  a  magnetic  circuit  does  decrease  with  increase 
of  gilbertance  [f.^.,  fi  is  known  to  decrease  with  increase  of  H].  It  then 
remained  to  be  proved  that  the  rate  of  this  change  is  that  called  for  by 
the  statement  enunciated  above.  This  being  done,  Z  is  shown  to  have 
the  dimensions  M/L^T.  On  substitution  of  this  value  in  (4)  the  solution 
foQowSy  namely,  that — 

Q  =  M/T,  P  =  L»,  jc  =  M/L»,  /i  =  LT»/M. 

Or  in  words,  the  dielectric  constant  is  o/  the  nature  density  and  the  magnetic 
permeabiHiy  is  the  reciprocal  of  an  elasticity.  The  author  then  adduces  much 
oorrotxirative  evidence  and  discusses  many  incidental  matters. 

[The  remainder  of  this  paper  is  dealt  with  in  Abstracts  Nos.  1288, 1284, 
UK  1977,  and  1279  (1900).]  E.  H.  ^. 
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1279.  Removal  of  Aw  from  Magnetic  Equations,  R.  A.  Fessenden.  (Phys. 
Rev.  10.  pp.  1-88,  Jan.,  and  88-115,  Feb.,  1900.)— The  author  discusses 
the  removal  of  4  ir  without  a  change  in  the  legal  units  [see  also  Abstract 
No.  648  (1900)].  The  following  changes  are  introduced.  The  unit  quantity 
of  magnetism  is  made  equal  to  the  present  magnetic  line,  and  the  unit 
difference  of  magnetic  potential  to  the  ampere  turn.  No  change  is  made 
in  the  coulomb,  ampere,  volt,  ohm,  farad,  joule,  or  watt  Unit  quantity 
of  magnetism  is  thus  made  1/4  t  times  as  large  as  before.  Difference  of 
magnetic  potential  is  made  4  7r  times  as  large  as  before.  In  place  of 
dielectric  constant  and  permeability  the  somewhat  different  quantities  capity 
and  permity  are  suggested.  The  pcrmity  of  a  vacuum  would  then  be  4  r, 
whereas  the  permeability  for  vacuo  is  now  unity.  The  value  of  the  dielectric 
constant  would  remain  the  same  as  before,  only  as  we  should  be  dealing 
with  a  different  thing,  viz.,  the  ratio  of  quantity  to  potential  gradient  instead 
of  flux  to  potential  gradient,  we  should  speak  of  the  capity  of  a  vacuum 
as  being  l/4ir,  where  before  we  spoke  of  the  dielectric  constant  of  a  vacuum 
as  unity.  On  the  new  system  there  is  no  use  for  "  flux "  as  distinct  from 
"  quantity."  This,  it  is  claimed,  simplifies  matters  by  rendering  unnecessary 
46  quantities  now  in  use. 

[Other  parts  of  this  paper  are  dealt  with  in  Abstracts  Nos.  1288,  1284, 
1286,  1277,  and  1278  (1900).]  E.  H.  B. 

1280.  Rotations  in  an  Electrostatic  Field,  L.  Graetz.  (Ann.  d.  Physik, 
1.  8.  pp.  580-541,  March,  1900.) — The  author  produces  Quincke's  rotations  in 
a  constant  electric  field,  not  by  suspending  bodies  in  it,  but  by  mounting 
spheres  of  sulphur,  ebonite,  or  paraffin  on  a  needle-point,  so  that  they 
are  capable  of  continuous  rotation.  Experiments  made  in  this  manner  show 
that  the  explanation  of  these  rotations  on  the  hypothesis  of  a  repulsion 
of  the  charged  portions  of  the  rotating  body  by  the  similarly  charged 
electrodes  applies  not  only  qualitatively  but  quantitatively.  Hence  the  rate 
of  rotation  may  serve  the  purpose  of  determining  the  conductivity  of  very 
bad  conductors  and  its  variation  under  varying  conditions.  The  author 
applied  this  method  to  the  measurement  of  the  conductivity  of  air  ionised  by 
Rontgen  rays,  and  he  found  that  in  liquids  also,  like  benzol  and  ether,  an 
increase  of  conductivity  due  to  the  rays  could  be  traced.  E.  E.  F. 

1281.  Dissipation  of  an  Electric  Charge  in  Air,  J.  Elster  and  H.  Geitel. 
(Phys.  Zeitschr.  1.  pp.  11-14,  1899.) — The  presence  of  certain  bodies,  such 
as  a  piece  of  slowly  oxidising  phosphorus,  is  known  to  impart  to  ordinary 
air  a  certain  electric  conductivity,  Rontgen  and  Becquerel  rays  possess  the 
same  property;  but  it  has  not  been  established  experimentally  whether 
ordinary  air  in  the  open  possesses  an  electric  conductivity  or  not.  The 
object  of  this  investigation  was  to  answer  this  question. 

Suppose  a  charged  body,  placed  in  the  open  air,  had  its  potential 
indicated  on  an  electrometer.  The  loss  of  potential  in  a  certain  time 
when  the  body  is  connected  to  the  electrometer  gives  a  measure  of  the 
dissipation  of  charge  provided  we  know  the  corrections  to  be  applied  for 
leakage,  &c. 

The  electrometer  used  is  a  gold-leaf  electroscope  of  special  constnictioii. 
The  leaves  are  supported  on  a  metal  pillar  fixed  to  ebonite  insolation  at 
the  bottom  of  the  glass  case.  This  metal  pillar  carries  a  ball  at  its  upper  end 
which  is  bored  out  conically  on  the  top  to  receive  the  end  of  the  Support  for 
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the  electrified  body,  so  that  the  body  is  entirely  supported  by  the  electro- 
meter.   The  glass  case  has  a  hole  in  the  top  which  clears  the  support. 

The  electrified  body  consists  of  a  hollow  metal  cylinder  with  closed  ends 
supported  on  a  metal  rod  coaxial  with  the  cylinder.  The  free  end  of  this  rod 
is  turned  to  fit  the  conical  hole  in  the  top  of  the  electrometer  pillar. 

The  experimental  readings  taken  are :  first,  the  rate  of  fall  of  potential 
(or  collapse  of  the  leaves)  with  the  cylinder  in  position ;  second,  the  rate 
of  fall  of  potential  without  the  cylinder ;  and  third,  the  ratio  of  the 
capacity  of  the  electroscope  alone  to  the  capacity  of  the  electroscope  and 
cylinder  together.  This  last  is  obtained  by  charging  the  electroscope  alone, 
then  by  means  of  an  insulated  handle  placing  the  cylinder  in  position 
on  the  electroscope  and  noting  the  immediate  fall  of  potential.  Suppose 
in  the  first  experiment  the  potential  falls  from  Vo  to  Vi  in  time  /,  and  in  the 
second  it  falls  from  V^  to  V  in  time  H ;  then  the  electricity  lost  by  the 
cylinder  during  the  experiment  is  given  by — 

^  =  7logv^-pIog^ 

where  n  is  the  ratio  of  the  capacities. 

The  results  of  the  experiments  the  authors  propose  to  give  in  another 
paper.  The  dissipation  is  not  always  the  same,  but  alters  with  the  meteoro- 
logical conditions  and  also  with  the  sign  of  electrification.  At  mountain-tops 
in  clear  weather  the  loss  of  negative  is  much  greater  than  the  loss  of  positive. 
In  cloudy  weather  both  sink  to  a  minimum.  In  the  neighbourhood  of  water- 
falls positive  is  dissipated  more  quickly  than  negative.  The  results  agree 
with  the  assumption  that  ordinary  air  contains  equal  numbers  of  positively 
and  negatively  electrified  particles.  The  negatively  electrified  particles 
would  slowly  discharge  a  positively  electrified  body,  and  vice  vend.  At 
mountain-tops  the  density  of  the  earth's  negative  charge  is  greatest,  and 
so  there  is  a  preponderance  of  positively  electrified  particles  in  the  air  which 
account  for  the  increased  rate  of  discharge  of  negative  electricity.  In  the 
neighbourhood  of  waterfalls  the  conditions  are  reversed.  In  cloudy  weather 
the  condenser  action  of  the  clouds  alters  the  conditions. 

The  loss  in  ten  minutes  in  a  room  of  65  cubic  metres  capacity  was  doubled 
as  soon  as  800  grammes  of  Uranium-pitch  was  brought  into  the  room  to  a 
distance  of  2  or  3  m.  from  the  cylinder.  A  draught  from  the  neighbouring 
room  containing  the  so-called  Radium  and  Polonium  preparations  produces 
remarkable  increase  in  the  dissipation  of  the  charge.  }.  B.  H. 

1282.  Electrical  Effects  on  Evaporation  of  Sodium  in  Air  and  other  Gases, 
W.  C.  Henderson.  (Roy.  Soc,  Proc.  66.  pp.  188-186,  April  4, 1900.)— The 
ei^)eriments  made  on  the  evaporation  of  fused  sodium  lead  to  the  conclusion 
that  no  electrification  can  be  detected  unless  oxidation  is  going  on.  Thus 
electrification  was  detected  before  fusion  of  the  sodium  if  air  was  present, 
but  not  detected  at  all  when  coal-gas  was  present  to  the  exclusion  of  the  air. 

E.  H.  B. 

DISCHARGE  AND  OSCILLATIONS. 

15S80.  Gas  Currents  in  Incandescent  Lamps.  J.  Stark.  (Elektrotechn. 
Zotschr.  21.  pp.  151-162,  Feb.  22,  1900.) — The  author  discusses  the  various 
theories  advanced  to  account  for  the  deposit  of  carbon  on  the  inner  walls  of 
iacaodescent  lamps  in  the  course  of  time.    Moissan's  hypothesis  of  a  ^o^ 


but  not  of  silver.  Aluminium  electrodes  are  covered  with  a  greyish-black 
cmst,  whose  chemical  properties  identify  it  with  the  nitride  discovered  by 
Mallet.  Brass  electrodes  acquire  a  copper  colour,  owing  to  the  greater  con- 
sumption of  zinc.  Copper'  and  aluminium,  which  in  nitrogen  give  very 
beautiful  arcs,  give  practically  none  in  hydrogen.  Platinum,  silver,  iron,  and 
lead  require  very  strong  currents.  The  best  hydrogen  arcs  are  obtained  with 
cadmium,  zinc,  and  magnesium.  £.  £.  F. 

1287.  Electric  Discharge  in  Gases  and  the  Heat  Produced.  W.  Wien. 
(Phys.  Zeitschr.  1.  pp.  10-11,  1899.) — ^The  electric  discharge  in  gases  takes 
place  partly  by  means  of  material  particles  which,  moving  with  great  veloci- 
ties, are  accelerated  at  first  positively,  then,  by  impacts  against  other  particles, 
negatively.  These  conditions  must  give  rise  to  a  radiation  of  electromagnetic 
energy.  The  present  investigation  was  undertaken  to  see  whether  this  energy 
coald  be  measured  by  the  difference  between  the  electric  energy  supplied  to 
vacuum  tubes  and  the  heat  produced  in  the  tubes.  The  E.M.F.  at  the  elec- 
trodes and  the  current  were  measured  by  volt  and  ampere  meters,  and  the 
heat  produced  was  measured  by  a  Bunsen  calorimeter.  The  following  table, 
in  which  some  of  the  results  are  reproduced,  shows  that  within  the  limits  of 
experimental  error  the  electrical  and  heat  energy  are  equal : — 

E.M.F.  Current  Calories  x  10>  Calories  x  10* 

voltt.  amperes  x  10^.  calculated.  observed. 

868  1,086  95-4  949 

685  1,152  147  149 

562  5,682  763  771 

682  4,894  716  718 

888  2,026  406  411 

982  1,781  885  898 

1,650  810  122  126           J.  B.  H. 

1288.  Magnetisation  of  Vacuum  Tubes,  R.  Dongier.  (Comptes  Rendus, 
180.  pp.  650-653,  March  5, 1900.) — ^The  author  compares  the  new  magneto-optic 
e£Fect  observed  by  him  [see  1900,  Abstract  No.  826]  with  that  observed  by 
E^irofiF  and  Georgiewsky  in  the  case  of  flame  spectra.  The  former  differs 
according  to  the  angle  between  the  ray  and  the  magnet  vector.  E.  E.  F. 

1289.  Magnetic  Effect  on  Vacuum  Tubes,  N.  Egoroff  and  N.  Georgi- 
ewsky. (Comptes  Rendus,  130.  pp.  900-901,  April  2, 1900.)— In  vacuum  tubes 
containing  hydrogen,  helium,  or  iodine,  placed  vertically  in  an  equatorial 
plane  between  the  poles  of  an  electromagnet,  a  partial  polarisation  of  the 
emitted  rays  is  only  observed  in  one  direction  of  the  field,  but  not  when  the 
field  is  reversed.  Partial  polarisation  is  also  observed  in  an  axial  direction 
along  the  tube,  and  then  it  is  independent  of  the  direction  of  the  field.  The 
polarisation  phenomena  are  such  as  can  be  explained  by  the  reflection  and 
refraction  of  the  glass  walls  of  the  tube,  and  the  magnetic  effect  upon  the 
polarisation  is  secondary,  being  due  to  the  bending  of  the  discharge  under 
the  influence  of  the  magnetisation,  which  leads  to  modifled  optical  conditions. 
The  phenomena  are  the  same  in  the  case  of  a  small  flame  burning  in  a  similar 
tube.  E.  E.  F. 

1290.  Electrolytic  Convection  in  Vacuum  Tubes,  H.  Morris- Airey.  (Phil. 
Uag,  49.  pp.  807-809,  March,  1900.) — }.  J.  Thomson  has  described  a  case  of 
apparent  electrolytic  convection  of  chlorine  through  hydrogen.     A  small 
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quantity  of  chlorine  is  introduced  into  a  capillary  tube  filled  with  hydrogen 
at  a  low  pressure,  and  a  discharge  from  an  induction  coil  is  sent  through  the 
tube.  On  examining  the  tube  with  a  spectroscope  the  chlorine  is  seen  only 
at  the  anode,  and  on  reversing  the  current  the  chlorine  appears  at  the  new 
anode,  and  so  on  as  often  as  the  current  is  reversed.  The  most  obvious 
explanation  lies  in  electrol)rtic  convection,  but  it  is  not  at  all  certain  that  the 
chlorine  does  not  pervade  the  whole  tube,  and  is  only  discovered  at  the  anode 
on  account  of  the  high  temperature  which  exists  there.  To  decide  between 
the  two  views,  the  author  attached  two  vacuum  tubes  to  each  other,  end  to  end, 
and  first  used  the  anode  of  the  one  and  the  kathode  of  the  other  as  electrodes, 
neglecting  the  two  electrodes  in  the  middle.  If  the  electrolytic  convection 
hypothesis  were  correct,  a  spectroscopic  examination  should  reveal  the  exist- 
ence of  chlorine  only  in  that  tube  whose  extreme  electrode  was  used  as  an 
anode.  On  separating  the  two  tubes,  however,  the  author  found  that  the 
chlorine  lines  had  the  same  intensity  in  both.  E.  E.  F. 

1291.  Electrolytic  Convection  in  Vacuum  Tubes,  J.  J.  Thomson.  (Phil. 
Mag.  49.  p.  404,  April,  1900.) — ^The  author  does  not  think  that  Morris-Airey*s 
"crucial"  experiment  [see  preceding  Abstract]  disposes  of  his  theory  of 
electrolytic  convection  in  vacuum  tubes.  That  chlorine  should  be  found  in 
all  parts  of  the  tube  is  inevitable  when  as  large  amounts  of  chlorine  are  mixed 
with  the  hydrogen  as  in  Morris- Airey's  experiment.  The  increase  of  the 
partial  pressure  of  the  chlorine  must  accelerate  its  diffusion  throughout  the 
tube.  In  the  author's  original  experiment  a  very  small  quantity  of  chlorine 
was  mixed  with  the  hydrogen,  and  the  effects  observed  were  not  merely  the 
presence  of  the  chlorine  lines  at  the  anode  and  their  absence  at  the  kathode 
when  the  current  was  steady,  but  it  was  found  that  on  reversing  the  current; 
so  that  the  old  anode  became  the  kathode,  the  chlorine  lines  at  first  flashed 
out  brightly  at  the  new  kathode  and  were  faint  at  the  anode.  Then  there  was 
a  short  interval,  during  which  they  were  faint  at  both  electrodes,  and  finally 
they  became  bright  at  the  new  anode  and  invisible  at  the  kathode.  This  seems 
a  very  complete  proof  of  the  transport  of  chlorine  to  the  anode,  and  of  the 
electrolysis  of  gases  in  a  vacuum  tube.  E.  E.  F. 

1292.  Electric  Discharge  through  Argon  and  Helium,  R.  J.  Strutt.  (Phil. 
Mag.  49.  pp.  298-807,  March,  1900.)— The  difference  of  potential  between  the 
surface  of  the  kathode  and  the  outside  of  the  negative  glow  is  a  constant, 
independent  of  the  current  and  the  pressure,  provided  there  is  no  chemical 
action  on  the  kathode  and  the  glow  does  not  cover  the  whole  of  the  kathode. 
This  constant  potential  difference  is  known  as  the  kathode  fall  of  potential. 
The  author  has  measured  it  in  helium  and  argon.  In  ordinary  gases  it  is 
800  volts.  In  helium  it  is  226,  while  in  argon  it  is  167  volts.  The  case  of  argon 
presents  peculiar  difficulties,  inasmuch  as  the  positive  column  insists  on  curling 
round  the  kathode — a  phenomenon  which  does  not  seem  to  have  been  observed 
in  any  other  gas.  The  difficulty  was  finally  overcome  by  giving  the  kathode 
the  shape  of  a  disc  which  nearly  filled  up  the  cross-section  of  the  tube.  An 
interesting  investigation  was  that  of  the  conductivity  of  helium  under  the 
influence  of  Rontgen  rays.  Experiments  in  which  the  conductivity  of  air  and 
helium  respectively  was  brought  to  a  maximum  by  strong  Rontgen-ray 
ionisation  showed  that  the  rate  at  which  ions  are  produced  in  helium  is  about 
half  that  at  which  they  are  produced  in  air.  The  expenditure  of  energy  in 
this  process  is'also  less.  The  ions  of  all  monatomic  gases  are  probably  split 
up  into  something ''smaller.  E.  E.  F. 
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1293.  Velocity  of  Electric  Waves  in  Bitumen  with  and  without  Wires.  C. 
Gutton.  (Comptes  Rendus,  180.  pp.  894-897,  April  2,  I900.)--Following  a 
method  analogous  to  that  adopted  for  establishing  the  equality  of  velocities  of 
free  and  guided  electric  waves  in  air  [see  Abstracts  Nos.  1498  (1899),  and 
1077  (1900)],  the  author  now  finds  that  this  equality  holds  when  the  electric 
waves  with  and  without  wires  arc  propagated  in  bitumen.  E.  H.  B. 

1294.  Masses  oj  Ions.  J.  J.  Thomson.  (Phil.  Mag.  48.  pp.  647-567, 
Dec.,  1899.  Paper  read  before  the  British  Association  at  Dover.) — This  paper 
contains  an  account  of  measurements  of  mle  and  e  for  the  negative  electrifica- 
tion dissipated  by  ultra-violet  light,  and  also  of  mle  for  the  negative  electri- 
fication produced  by  an  incandescent  carbon  filament  in  an  atmosphere  of 
hydrogen.  They  lead  to  the  result  that  the  value  of  mje  in  the  case  of  ultra- 
violet light,  and  also  in  that  of  the  carbon  filament,  is  the  same  as  for  the 
kathode  rays  ;  and  that  in  the  case  of  ultra-violet  light  e  is  the  same  in  magni- 
tude as  the  charge  carried  by  the  hydrogen  atom  in  the  electrolysis  of 
solutions.  In  this  case,  therefore,  we  have  clear  proof  that  the  ions  have  a 
very  much  smaller  mass  than  ordinary  atoms,  so  that  in  the  convection  of 
negative  electricity  at  low  pressures  we  have  something  smaller  even  than  the 
atom,  something  which  involves  the  splitting  up  of  the  atom,  inasmuch  as  we 
have  taken  from  it  a  part,  though  only  a  small  one,  of  its  mass. 

The  method  of  determining  the  value  of  mle  for  the  ions  carrying  the 
negative  electrification  produced  by  the  ultra-violet  light  is  based  upon  the 
fact  that  the  rate  of  escape  of  the  negative  electrification  at  low  pressures  is 
much  diminished  by  magnetic  force  if  the  lines  of  magnetic  force  are  at  right 
angles  to  the  lines  of  electric  force.  The  charge  on  the  ion  produced  by  the 
action  of  ultra-violet  light  on  a  zinc  plate  was  determined  by  the  author's 
method  of  measuring  the  charge  on  the  ions  produced  by  the  action  of 
Rontgen  rays  on  a  gas. 

The  results  suggest  that  the  ionisation  of  a  gas  consists  in  the  detachment 
from  the  atom  of  a  negative  ion,  this  negative  ion  being  the  same  for  all  gases, 
while  the  mass  of  the  ion  is  only  a  small  fraction  of  the  mass  of  an  atom  of 
hydrogen.  This  negative  ion  is  not  improbably  the  fundamental  quantity  in 
terms  of  which  all  electrical  processes  can  be  expressed.  For  its  mass  and  its 
charge  are  invariable,  independent  both  of  the  processes  by  which  electrifica- 
tion is  produced  and  of  the  gas  from  which  the  ions  are  set  free.  It  thus 
possesses  the  characteristics  of  a  fundamental  conception  in  electricity.  The 
author  sketches  an  electrical  theory  of  which  this  conception  forms  the 
basis.  The  atom  is  regarded  as  containing  a  large  number  of  similar  bodies, 
which  he  calls  "corpuscles."  The  mass  of  a  corpuscle  is  the  mass  of  a 
negative  ion  in  a  gas  at  low  pressure,  /.e.,  about  8  x  10~**  grammes.  In  the 
normal  atom  this  assemblage  of  corpuscles  forms  a  system  which  is  electri- 
cally neutral.  The  electrification  of  a  gas  may  be  regarded  as  due  to  the 
splitting  up  of  some  of  the  atoms  of  the  gas,  resulting  in  the  detachment  of  a 
corpuscle  from  some  of  the  atoms.  The  remainder  of  the  atom  forms  the 
positive  ion,  and  is  of  course  of  much  greater  mass.  An  atom  might  be  split 
np  indefinitely  but  for  the  fact  that  each  detachment  of  a  corpuscle  increases 
the  free  positive  charge  of  the  remainder,  and  so  increases  the  force  of 
cohesion.  The  mass  of  the  negative  ion  is  about  l/500th  part  of  that  of  the 
hydrogen  atom.  £.  E.  F. 

1896.  De-coherence  of  Carbon,  T.  Tommasina.  (Comptes  Rendus, 
IM.  pp.  904-906»  190O.)---The  author  has  discovered  a  variety  of  carbon  which, 
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E.M.F.  If  the  plane  of  polarisation  makes  46°  with  the  plates  of  each 
condenser,  the  plates  of  the  one  condenser  being  perpendicular  to  the  plates 
of  the  other,  then  no  rotation  of  the  plane  of  polarisation  takes  place.  If  a 
small  condenser  is  added  to  one  side  of  the  circuit,  however,  a  difference  of 
phase  is  introduced,  and  there  is  no  longer  darkness  in  the  crossed  Nichols. 
By  introducing  a  variable  capacity  in  the  other  branch,  darkness  can  be  again 
produced  when  the  capacities  are  equalised.  Such  is  the  method  here  used. 
For  small  capacities  up  to  150  electrostatic  units  an  accuracy  of  about  0*1  per 
cent  is  obtained. 

For  large  capacities  a  special  method  is  necessary.  The  large  capacity  is 
introduced  in  the  one  branch  as  before,  but  with  a  small  capacity  in  series 
with  it.  The  capacity  is  then  given  by  C,  =  CrCni  /  (C^  —  Cm),  where  Cy  is  the 
capacity  of  the  small  condenser  and  Cm  the  balancing  capacity.  Since 
Cv  — Cm  is  always  a  small  quantity,  the  variable  condenser  must  be  very 
accurate.  Experiments  gave  a  maximum  difference  of  10  per  cent,  between 
measurements  of  capacity  by  this  method  and  by  the  ballistic.  J.  B.  H. 

1299.  Thermo-magneiic  Currents,  G.  Moreau.  (Comptes  Rendus,  180. 
pp.  41^-114,  Feb.  12, 1900.)— The  relation— 

P 

established  independently  by  Voigt  and  by  the  author  between  the  coefficients 
of  the  Hall  effect  c  and  the  Nernst  effect  K,  the  specific  heat  of  electricity  a 
and  the  specific  resistance  p,  required  verification  by  the  determination  of  all 
these  constants  in  the  same  specimen.  The  author  has  made  observations  at 
different  temperatures  on  iron,  steel,  cobalt,  and  nickel,  all  metals  for  which 
9  aod  p  vary  slightly  under  the  influence  of  the  magnetic  field.  In  all  these 
metals  the  above  formula  is  verified  for  temperatures  between  (f  and  60°.    In 

the  case  of  cobalt,  the  ratio  ^  is  not  changed  by  tempering,  though  both 

K  and  c  are  altered  considerably.  As  usual,  the  variations  of  K  follow  those  of 
c,  the  Hall  effect  being  the  fundamental  phenomenon.  The  latter  is  consider- 
ably influenced  by  the  molecular  condition  of  the  plate,  and  is  in  fact  due,  as 
the  author  believes,  to  a  deformation  of  the  plate  under  the  influence  of  the 
magnetic  field.  This  would  account  for  the  great  differences  between  the 
results  of  individual  observers.  £.  E.  F. 

1300.  Electrolytic  Conducthnty  and  Internal  Friction  of  Salt  Solutions, 
P.  Massoulier.  (Comptes  Rendus,  180.  pp.  778-776,  March  19,  1900.) 
—The  variations  in  electrical  resistance  and  internal  friction  of  copper 
sulphate  solutions  caused  by  replacing  part  of  the  aqueous  solvent  by 
^ycerine  are  in  the  same  direction  and  of  the  same  order  of  magnitude,  but 
not  proportional.  The  conductivity  depends  not  only  on  the  internal  friction 
but  also  on  the  degree  of  ionisation,  which  varies  with  the  temperature  and 
also  with  the  nature  of  the  solvent.  T.  H.  P. 

1301.  Resistance  of  Bismuth  in  Magnetic  Field,  TV.  Eichhorn.  (Phys. 
Zeitschr.  1.  pp.  81-88, 1899.) — ^The  author  compares  the  resistance  of  bismuth 
in  a  constant  and  in  a  varying  magnetic  field  with  a  view  to  discover  the 
existence  of  hysteresis  in  the  increase  of  resistance  due  to  increase  of  field 
strength.  A  bismuth  spiral  connected  in  one  arm  of  a  Wheatstone  bridge 
was  mounted  on  a  disc  capable  of  rotation  between  the  poles  of  an  electro- 
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magnet.  A  second  disc  on  the  same  axis  completed  the  battery  circuit  for  an 
instant  during  the  passage  of  the  bismuth  between  the  poles  ;  the  two  discs 
being  relatively  adjustable,  contact  could  be  made  while  the  bismuth  was 
entering  the  field  or  while  leaving  it. 

Omitting  details  of  the  experiments  and  the  corrections  applied,  the  results 
are  as  follows  : — 

The  bismuth  while  entering  the  field  shows  a  less  increase  of  resistance 
than  in  a  constant  field  of  the  same  average  strength,  but  shows  a  greater 
increase  while  leaving  the  field. 

With  increasing  velocity  of  rotation  the  resistance  diminishes  to  a  minimum 
value  when  the  bismuth  is  entering  the  field,  and  increases  to  a  maximum 
when  leaving  it. 

The  minimum  value  was  reached  in  increasing  the  field  from  0  to  8,900 
lines  in  about  0*02  sees.  The  difference  of  increase  of  resistance  amounted  to 
about  2*5  per  cent.  The  author  considers  that  these  results  point  to  a  time- 
lag  of  the  variation  of  resistance  after  the  field  variation.  G.  H.  B. 

1802.  Condenser  in  Induction  Coil.  K.  R.  Johnson.  (Phil.  Mag.  49. 
pp.  216-220,  Feb.,  1900.)— Referring  to  Mizuno's  paper  [see  1898,  Abstract  No. 
1252]  the  author  explains  the  results.  If  the  condenser  is  inserted  across  the 
interrupter  in  the  primary  circuit,  the  extra  current  darts  into  the  condenser  ; 
and  if  the  maximum  of  the  potential-difference  in  the  condenser  is  very  great, 
a  spark  takes  place  in  the  interrupter,  and  thus  the  oscillations  in  the  circuit 
are  diminished  by  the  spark.  If  the  capacity  of  the  condenser  is  very  large, 
the  maximum  of  potential  difference  in  the  condenser  and  the  interrupter  is 
small  and  unable  to  make  a  spark.  Thus,  the  efficiency  of  the  induction-coil 
is  greatly  increased  by  increasing  the  capacity  a  little,  so  long  as  the  discharge 
by  spark  at  the  interrupter  diminishes ;  when  the  spark  is  entirely  suppressed, 
the  efficiency  of  the  induction-coil  is  greatest  and  the  secondary  spark-length 
a  maximum.  The  capacity  of  the  primary  condenser  being  further  increased, 
the  efficiency  of  the  induction-coil  is  diminished,  for  the  reason  that  the 
maximum  potential  difference  in  the  condenser  is  diminished,  and,  of  course, 
so  is  the  intensity  of  the  current.  Mathematical  developments  and  tables 
of  calculated  and  observed  values  of  spark- length  are  given.  A.  D. 

1303.  Three-Phase  Waitmcter  Connections,  R.  Arno.  (Eel.  Electr.  22. 
pp.  879-884,  March  10,  1900.  Paper  read  before  the  first  Congress  of  Italian 
Electricians  at  Como,  Sept.  19,  1899.) — ^A  description  of  the  different  methods 
by  which  a  wattmeter  or  watt-hour  meter  can  be  connected  to  measure  the 
power  of  a  symmetrically  loaded  three-phase  circuit  on  inductive  load.  The 
power  factor  of  the  load  can  also  be  determined  from  wattmeter  readings 
alone.  By  connecting  the  thin  coil  across  the  terminals  of  the  circuit  con- 
taining the  main  coil,  the  value  of  EC  cos  ^  is  found.  By  connecting 
the  thin  coil  across  the  other  two  terminals  of  the  star,  a  value  is  obtained 
for  v^8  EC  sin  0.    Hence  cos  0  can  be  calculated.  L.  B. 

1304.  Wave-Current  Generators.  C.  Heinke.  (Ann.  d.  Physik,  1.  2.  pp. 
326-861,  Feb.,  and  8.  pp.  441-461,  March,  1900.)— The  author  distinguishes 
two  classes  of  wave-currents.  One  type  is  due  to  periodically  varying  electro- 
motive forces,  the  other  to  periodically  varying  resistances.  The  latter  may 
be  divided  into  mechanical,  electrolytic,  and  gaseous  resistances,  the  first  two 
being  usually  described  as  interrupters.  All  wave-current  generators  of  auto- 
matic character,  i.e.,  those  actuated  by  the  current  itself,  especially  the 
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electrolytic  suid  gaseous  ones,  require  an  E.M.F.  capable  of  yielding  a  certain 
"saturation  current."  A  further  increase  of  E.M.F.  only  influences  the 
number  of  waves  per  unit  of  time,  but  not  the  practically  constant  saturation 
current,  nor  the  density  of  the  latter  in  the  effective  cross-section.       E.  E.  F. 

1305.  Influence  of  Temperature,  Pressure,  Used  Solutions  and  Size  of  Anodes 
on  Silver  Voltameters.  J.  F.  Merrill.  (Phys.  Rev.  10.  pp.  167-174,  March, 
1900.) — No  change  in  the  weight  of  silver  deposited  is  produced  by  increasing 
the  air  pressure  to  100  atmospheres.  Further,  if  the  solutions  are  previously 
boiled  the  weight  of  the  deposit  is  the  same  at  (f  and  90^  C.  If  the  electrol3rtic 
solutions  have  been  much  used,  however,  there  is  a  marked  increase  in  the 
weight  of  silver  deposited,  which  may  be  as  great  as  0*17  per  cent.  The  size 
of  the  anode  has  no  influence  on  the  deposit,  but  a  slight  increase  in  weight 
was  found  on  comparing  an  old  kathode-dish  with  dull  surface,  with  a  new, 
bright  dish.  T.  M.  L. 

1806.  Wattmeter  Correction  for  Alternating  Currents,    T.  des  Coudres. 

(Phys.  Zeitschr.  1.  pp.  70-77, 1899.) — ^The  correcting  factor  for  a  wattmeter  is 

1  +  tan  V 
t  .7   /.I.      >  where  0  is  the  lag  in  the  circuit  under  measurement  and  d  is 
l  +  tandtan^'  ^  ^ 

the  lag  in  the  shunt  coil  of  the  wattmeter.    When,  as  is  generally  the  case, 

9  is  unknown,  the  correction  cannot  be  applied. 

The  author  proposes  to  shunt  the  main  current  winding  of  the  wattmeter 

by  an  inductionless  resistance   of  value  R,  such  that  ,5-  =  6 — pr^,  where 

Kf       Ki  -|-  K 

Li,  Lf,  and  Ri,  Ri  are  the  self-induction  coefficients  and  resistances  of  the 
main  and  shunt  wattmeter  coils  respectively.     The  correcting  factor  then  is 

1/ cos* ^.  ( 1  —  tan  0  _ — L ),  or  approximately  — -— .  G.  H.  B. 

\  2irfiLi/  cos'  ^ 

1307.  Mirror  Galvanometer,  W.  Thiermann.  (Elektrotechn.  Zeitschr.  21. 
pp.  211-214,  March  16,1900.) — This  instrument  is  a  special  form  of  potentiometer 
which  is  in  use  in  the  testing-room  of  the  Electrotechnical  Institute  of  the 
Hanover  Hochschule  for  measuring  pressures  ranging  from  750  down  to 
O0007  V.  It  consists  of  a  mirror  galvanometer  with  telescope  for  reading  the 
deflections,  a  dial  resistance  with  eleven  resistances,  and  a  standard  cell.  The 
main  feature  of  the  instrument  is  the  provision  of  means  for  adjusting  the 
position  of  the  scale.  This  is  effected  by  mounting  it  on  a  carriage  capable  of 
being  adjusted  along  two  horizontal  guide-rods  by  means  of  nut  and  leading 
screw,  these  guide-rods  being  mounted  on  a  second  carriage  which  is  itself 
adjustable  along  two  vertical  guide-rods  on  a  tripod  stand,  by  means  of 
another  leading  screw.  C.  K.  F. 

ALTERNATING  CURRENTS  AND  MAGNETISM. 

1308.  Capacity  of  Symmetrical  Systems  of  Conductors  when  subjected  to  Poly- 
phase PJ):s,  C.  E.  Guye.  (Comptes  Rendus,  130.  pp.  711-713,  March  12, 
1900.) — ^The  capacity  of  a  conductor  is,  by  definition,  the  ratio  of  its  charge  to 
its  potential  when  ail  the  other  conductors  in  the  neighbourhood  are  at  zero 
potential.  If  the  potential  of  one  or  more  of  the  neighbouring  conductors  is 
not  zero,  and  is  made  to  vary,  then  the  ratio  of  the  charge  to  the  potential  of 
the  first  conductor  is  no  longer  constant  in  the  general  case.    But  in  the 
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special  case  of  a  symmetrical  system  oi  conductors,  consisting  of  a  number  of 
parallel  cylindridd  conductors  symmetrically  arranged  round  an  axis  and 
enclosed  in  a  hollow  cylindrical  conducting  sheath,  and  subjected  to  poly- 
phase potentials  (there  being  as  many  phases  as  there  are  conductors),  the 
author  shows  that  the  ratio  of  the  instantaneous  charge  to  the  instantaneous 
potential  of  any  one  conductor  is  constant  Hence  the  "capacity"  of  a 
conductor  in  such  an  armoured  polyphase  transmission  line  acquires  a 
perfectly  definite  meaning,  and  this  quantity  if  known  enables  us  at  once 
to  calculate  the  "  condenser "  current  The  same  result  will  hold  for  an 
overhead  system  of  symmetrically  arranged  conductors,  provided  the 
distances  apart  of  the  conductors  are  negligible  in  comparison  with  their 
distance  from  the  earth's  surface.  A.  H. 

1309.  FoucauU  Currents  due  to  very  Rapid  Oscillations,  I.  Klemen£i£. 
(Phys.  Zeitschr.  1.  pp.  88-84,  1899.) — A  high-frequency  alternating  current 
was  maintained  in  a  solenoid  by  Leyden  jars  charged  by  an  induction  coil 
with  Wehnelt  interrupter.  The  heating  due  to  Foucault  currents  was 
measured  in  the  mercury  bulbs  of  various  thermometers,  and  in  iron  wires 
enclosed  in  alcohol  thermometers.  The  heating  was  considerably  greater  in 
the  smaller  mercury  bulbs  and  in  the  thinner  wires,  as  might  be  expected 
from  the  skin-effect  of  the  rapidly  alternating  current.  G.  H.  B. 

1310.  Carrying  Strength  of  Electromagnets,  Boy  de  la  Tour.  (Ind. 
Elect  9.  pp.  10-12,  Jan.  10,  1900.) — Consider  an  electromagnet  and  carry 
it  through  the  following  cycle  of  operations  : — (1)  Pass  a  current  through  the 

coils  and  let  the  maximum  value  of  the  current  be  lo  =  ^.    (2)  Apply  on  the 

keeper  a  pull  of  F  dynes  so  that  the  magnetic  circuit  is  elongated  by  a  small 
quantity  dl  in  a  small  time  dt.  This  produces  an  induced  E.M.F.  due  to  the 
diminution  of  the  flux.  (8)  Short-circuit  the  windings  so  that  the  flux 
disappears.    On  appl3ring  an  E.M.F.  the  rise  of  current  in  the  coils  is  given 

by- 

where  N  is  the  number  of  turns  on  the  magnet,  ^  the  flux  through  the  core, 
and  i  the  instantaneous  value  of  the  current. 

The  energy  of  the  magnetic  field  is  given  by  the  expression — 

.00  /.so 


jNg..<i/=N//./, 


On  applying  to  the  keeper  a  force  F  it  is  displaced  parallel  to  itself  through 
a  distance  <//  in  a  time  dt.    During  this  interval  of  time  there  is  induced  an 

E.M.F.,  N  ^,  and  the  flux  4»o»s  diminished  by  a  quantity  d^.    The  diminution 
of  energy  during  this  period  is — 

The  energy  supplied  by  the  external  source  is — 

(E.-Ng)w/. 


f 
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Also  the  work  done  on  the  keeper  is  Fdl,  and  that  dissipated  in  heat  is — 

llRdt=:Eolt4i. 
When  the  coil  is  short-circuited  the  energy  returned  to  the  source  is — 


r^  ^  —  (U  .. 

N     iV/^  -  Nlorf^  +  N  — 2"^  di. 

J  9 

Equating  the  energy  supplied  to  the  magnet  to  that  which  it  restores,  we 
get— 

N  f  iVf^  +  (Eo-  N  ^j  lodi  +  Fdt 
Jo  2 


or — 


F<//=r:N^^rf/. 


But— 

«l  ss  ♦o  —  </^  c=4ir  Nt^l  .  ST; 

where  S  is  the  cross-section  of  the  magnet  pole  thu 

therefore — 

4ir  NS 
And  putting  BS  =  ♦o,  where  B  is  the  induction,  we  finally  obtain  the  result — 

B'S 

W.  G.  R. 

1311.  Torsional  Elasticity  of  Rods  and  Magnetisation,  J.  S.  Stevens. 
(Phj-s,  Rev.  10.  pp.  161-166,  March,  1900.) — This  is  the  continuation  of  a 
former  paper  [see  1900,  Abstract  No.  202]  on  the  effect  of  magnetisation  on 
the  flexional  elasticity  of  steel  and  iron  rods.  The  magnetisation  is  a  longi- 
tudinal one,  and  produced  by  surrounding  the  rod  with  a  coil  carrying  a 
current  The  conclusions  arrived  at  from  the  experiments  are :  (1) 
Magnetisation  of  an  iron  or  steel  rod  increases  its  torsional  elasticity.  (2)  The 
e£Fect  is  greater  in  iron  than  in  steel  rods  of  the  same  dimensions.  (8)  The 
increase  in  elasticity  varies  with  the  length  of  the  rod. 

Comparing  these  results  with  those  of  the  experiments  in  flexional 
elasticity  there  is  a  distinct  agreement.  In  the  first  place  the  modulus  of 
elasticity  is  increased  in  each  case  when  the  rod  is  magnetised :  the  incre- 
ments are  fairly  proportional  to  the  magnetising  forces,  and  they  are  inversely 
proportional  to  the  magnitudes  of  the  original  stresses.  £.  C.  R. 

1312.  Change  in  Length  of  Soft  Iron  in  Alternating  Magnetic  Fields. 
L.  W.  Austin.  (Phys.  Rev.  10.  pp.  180-186,  March,  1900.)— Near  the  end 
of  the  core  under  examination  hangs  a  glass  fibre  about  0'06  mm.  in  diameter. 
This  fibre  passes  between  two  glass  plates  and  carries  a  mirror.  When  the 
iron  core  elongates  one  glass  plate  is  moved  and  this  rolls  the  fibre,  \gmti<^^ 
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deflection  of  the  beam  of  light  reflected  from  the  mirror.  The  maif  jn 
observations  were  on  a  bundle  of  ten  wires  of  soft  Swedish  iron  each  27'5  end  a. 
long  and  1'4  mm.  in  diameter.  The  magnetising  solenoid  was  24  cm.  loit-  g 
with  12  turns  per  cm.  The  dilatometer  gave  a  magnification  of  about  127|00l  0 
times  with  the  scale  860  cm.  distant. 

The  chief  results  are  as  follows  :  (1)  The  general  course  of  the  change  in 
length  of  soft  iron  in  an  alternating  magnetic  field  is  the  same  as  in  the  direct 
field.  (2)  For  all  values  of  H  from  25  to*875  the  change  in  length  of  the  soft 
iron  specimen  is  less  with  an  alternating  than  with  a  direct  field.  (8)  The  ' 
maximum  elongation  gradually  becomes  less  as  the  frequency  of  the  alter- 
nations is  increased.  E.  H.  B. 

1313.  Diamagnetism  of  the  Eye.  J.  Mooser.  (Phys.  Zeitschr.  1.  p.  75, 
1899.) — The  author  finds  that  the  lens  of  the  eye  is  diamagnetic,  and  suggests 
that  a  magnetic  treatment  might  flatten  the  lens  and  cure  shortsightedness. 

G.  H.  B. 

1314.  Magnetism  and  Molecular  Volume.  S.  Meyer.  (Ann.  d.  Physik, 
1. 4.  pp.  668-^72,  April,  1900.) — Previous  work  has  shown  that  in  some  diamag- 
netic  compounds  the  molecular  magnetism  shows  a  greater  diamagnetic  value 
than  would  correspond  to  the  sum  of  the  atomic  magnetisms.  This  happens 
in  every  case  where  the  combination  is  accompanied  by  any  considerable 
expansion,  as  in  the  iodides  of  silver,  mercury,  and  lead.  This  suggests  that 
the  converse  might  occur  in  the  case  of  a  contraction  of  volume,  and  for 
deciding  this  question  the  salts  of  copper,  with  their  small  susceptibilities, 
are  specially  fitted.  Measurements  made  on  a  number  of  copper  salts  show 
that  there  is  no  fundamental  difEerence  between  cupric  and  cuprous  salts  as 
supposed  by  Wiedemann,  since  both  the  sulphides  are  diamagnetic.  But 
there  is  a  very  decided  and  regular  influence  of  volume  changes.  Expansion 
emphasises  the  diamagnetic  character  of  a  substance,  and  contraction 
emphasises  its  paramagnetic  character.  The  magnetic  properties  of  tlie 
elements  can  therefore  only  be  obtained  from  the  elements  themselves,  or 
from  compounds  whose  formation  entails  no  change  of  volume.      E.  E.  F. 

1316.  Magnetic  Susceptibilities  of  Vanadium  and  Samarium,  S.  Meyer. 
(Ann.  d.  Physik,  1.  4.  pp.  664-667,  April,  1900.}— The  magnetic  susceptibility 
of  vanadium  chloride  was  measured  by  the  author's  method  in  which  the 
dissolved  substance  is  contained  in  a  cylindrical  tube  suspended  by  one  arm 
of  a  balance  in  a  magnetic  field.  The  value  obtained  for  the  magnetic 
susceptibility  of  VClf  is  1*25  X  10~^  This  gives  a  value  for  the  susceptibility 
of  the  element  which  ranges  it  in  the  series  of  metals  of  the  iron  group  as 
follows : — 

V  :  Ni :  Or  :  Fe' :  Co  ;Fe:Mn  =  i:2:2i;  8:4:5:6. 

This  relation  is,  however,  only  provisional,  and  may  be  invalidated  by  future 
measurements. 

Samarium  sulphate  gives  a  susceptibility  of  11*2  x  IQr^  for  Sa,  a  value 
which  is  in  good  agreement  with  the  values  derived  from  the  oxide  and 
nitrate.  For  gadolinium  a  higher  value  is  obtained  than  that  previously 
found.  This  may  be  due  to  the  salt  containing  impurities  of  a  substance  of 
high  magnetic  susceptibility.  This  is  made  probable  by  Exner  and  Haschek's 
discovery  that  both  samarium  and  gadolinium  contain  an  imknown  substance 
which  is  revealed  by  a  large  number  of  spectrum  lines.  The  author  has 
shown  that  there  is  an  intimate  connection  between  the  prevalence  of 
spectrum  hnes  and  strong  magnetism.  E.  E.  P. 
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1316.  Combinations  of  Carbon  Bisulphide  with'  Gases  under  the  Silent  Dis- 
charge. Berthelot.  (Annal.  Chim.  Phys.  19.  pp.  145-150,  Feb.,  1900.)— 
Under  similar  conditions  to  those  referred  to  in  Abstract  No.  1109  (1900),  CSj 
vapour  unites  readily  with  half  its  volume  of  hydrogen,  yielding  a  yellow 
resinous  product  smelling  like  mercaptan,  insoluble  in  ether  and  sparingly  in 
CSt,  decomposed  by  cold  potash  to  form  a  little  sulphide.  The  formula 
CtHfSi  corresponds  to  a  persulphuretted  oxalic  acid,  or  a  derivative  of  glyoxal, 
CtHsOi.  With  weak  tensions  the  CSi  polymerises  more  rapidly  than  it 
combines  with  H.  Nitrogen  combines  in  the  proportions  of  4CSt :  Nt,  argon 
in  those  of  84  CSi :  At ;  the  latter  compound  is  decomposed,  like  ozone,  by 
strong  sparks.  In  the  case  of  CO,  100  vols,  of  CSj  with  60  of  CO  left  after 
ten  hours'  action  only  8*5  vols,  of  CO  without  any  COt,  and  a  yellow  solid 
partly  soluble  in  water ;  the  filtrate  contained  an  "  oxysulphuretted "  acid 
converted  into  sulphuric  by  boiling  HNOs.     [C/.  Abstract  No.  1050  (1899)] . 

S.  R. 

1317.  Action  of  Light  and  Silent  Discharge.  Berthelot.  (Annal.  Chim. 
Phys.  19.  pp.  150-154,  Feb.,  1900.)— When  exposed  in  sealed  tubes  for  three 
months  at  ordinary  temperatures  either  to  diffused  light  or  to  bright  sunshine, 
pure  benzene,  either  alone  or  in  contact  with  hydrogen,  argon,  or  mercury, 
undergoes  no  change.  With  oxygen  there  is  a  slow  absorption  and  pro- 
duction of  resinous  polymerides. 

Carbon  disulphide  is  acted  on  by  direct  sunshine  and  by  mercury,  but  not 
by  difiFused  light,  and  does  not  combine  under  these  conditions  with  H  or 
argon. 

On  the  other  hand,  when  the  apparatus  described  in  Abstract  1109  (1900), 
was  charged  with  a  mixture  of  argon  and  CS^  vapour,  and  its  poles  connected 
with  a  battery  of  Leclanche  cells,  without  a  coil,  so  that  a  difference  of 
potential  of  200  volts  was  maintained  to  the  end,  after  three  months  in 
difiFused  light,  although  no  argon  had  been  absorbed,  yet  60  per  cent,  of  the 
CSt  had  been  changed  into  yellow  condensed  products.  S.  R. 

1318.  Distillation  of  Metals.  G.  W.  A.  Kahlbaum.  (Phys.  Zeitschr. 
1.  pp.  ea-64,  and  67-69, 1899.  Paper  read  before  the  Naturforscherversamm- 
lung  zu  Munchen.) — ^This  paper  describes  experiments  on  the  distillation  of 
elements  in  high  vacua  (up  to  0'00005  mm.  pressure  for  the  distillation  of  gold, 
silver,  copper,  and  iron  at  1100°  C).  Sc,  Te,  K,  Na,  Li,  Tl,  Bi,  Sb,  Cd,  Mg,  Al, 
Ag,  Cu,  Au,  Ni,  Fe,  Cr,  Zn,  and  Zr,  have  all  been  distilled  in  this  way,  and 
1  grm.  of  copper  has  been  separated  from  8  grms.  of  nickel  by  the  fractional 
distillation  of  a  German  cupro-nickel  10-pfennig  piece.  W.  G.  M. 

1319.  Emission  and  Absorption  of  Water-vapour  by  Colloidal  Matter.  P. 
Duhem.  (Journ.  Phys.  Chem.  4.  pp.  66-122,  Feb.,  1900.)— In  van  Bemmelen's 
experiments  on  the  hydration  and  desiccation  of  colloidal  jellies,  like  gelatinous 
silica  or  colloidal  ferric  oxide,  when  placed  in  an  atmosphere  of  water-vapour 
the  effects  are  very  complex.  Considering  them  to  be  due  to  the  absorption 
o£  water-vapour  by  a  body  being  affected  by  hysteresis,  the  author  investigates 
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form  a  complete  series  of  isomorphous  crystals.  The  transition-point  of 
mercuric  iodide  is  lowered  by  the  addition  of  the  bromide,  and  at  the  same 
time  it  is  broadened  into  a  transition  interval.  Thus  above  127®  only  yellow 
crystals  can  exist,  but  at  50°  mixtures  containing  less  than  4*3  mols.  per  cent, 
of  HgBrt  are  red,  and  mixtures  containing  more  than  15*5  mols.  per  cent,  arc 
yellow,  whilst  mixtures  containing  between  4*8  and  15'6  mols.  per  cent,  con- 
sist of  an  aggregate  of  red  and  yellow  crystals,  the  colour  being  an  inter- 
mediate tint  between  the  yellow  and  red  ;  the  corresponding  limits  at  25°  are 
6*2  and  21*8  mols.  per  cent,  of  HgBrs,  and  at  0°  8*6  and  830  mols.  per  cent. 

The  change  from  one  modification  to  the  other  is  in  this  case  very  gradual, 
and  greatly  increases  the  experimental  difficulties,  but  the  striking  difference 
in  colour  between  the  two  modifications  makes  the  optical  method  of  special 
value.  T.  M.  L. 

1322.  Formation  and  Transformation  of  Mixed  Crystals  of  Sodium  Nitrate 
with  Potassium  and  with  Silver  Nitrates,  D.  J.  Hissink.  (Zeitschr.  Phys. 
Chem.  82.  pp.  587-568,  March  20,  1900.  Cf  Roozeboom,  Abstracts  Nos.  678 
and  679  (1900),  van  Eyk,  Abstract  No.  680  (1900),  and  the  preceding  Abstract) 
— The  melting-point  curve  for  mixtures  of  sodium  nitrate  (m.p.  808°)  and 
potassium  nitrate  (887°)  has  been  plotted  by  Carveth  (Journ.  Phys.  Chem., 
2-209)  and  found  to  show  a  sharp  break  at  the  minimum  melting-point  (218°) 
of  a  mixture  containing  49'8  mols.  per  cent,  of  NaNOs ;  the  mixture  is  thus  of 
the  fifth  type  (Roozeboom,  loc.  cit.).  The  composition  of  the  crystals  which 
separate  from  a  melt  of  known  composition  has  now  been  determined,  and  it 
is  shown  that  at  218°  there  is  a  gap  in  the  series  of  mixed  crystals  from  24  to 
85  mols.  per  cent.  KNOj,  mixtures  of  intermediate  composition  solidifying  to 
an  aggregate  of  both  forms.  The  transition-point  of  potassium  nibrate  is 
lowered  by  the  addition  of  sodium  nitrate,  and  is  broadened  into  a  transition 
interval. 

The  melting-point  curve  of  mixtures  of  sodium  nitrate  (808°)  and  silver 
nitrate  (208*6°)  is  of  the  fourth  type,  rising  continuously  as  the  proportion  of 
NaNOj  increases,  but  showing  a  sharp  break  at  217*6°,  the  melting-point  of 
a  mixture  containing  19*6  mols.  per  cent,  of  NaNOj,  In  this  case  the  crystals 
are  always  richer  in  NaNOa  than  the  liquid  from  which  they  separate,  but 
there  is  a  gap  in  the  scries  of  mixed  crystals  from  26  to  88  mols.  per  cent 
XaNOs,  although  the  two  series  of  crystals  on  either  side  of  the  gap  are 
isomorphous  ;  this  gap  widens  as  the  temperature  falls  and  extends  from  4*5  to 
60  mols.  per  cent  at  188^,  and  from  1*6  to  64*4  mols.  per  cent,  at  15°. 

Sodium  nitrate  is  only  known  in  the  hexagonal- rhombohcdral  system,  but 
silver  nitrate  passes  into  the  rhombic  system  below  159*8°  ;  the  transition- 
point  falls  to  188°  on  adding  4*5  mols.  per  cent,  of  NaNOj,  but  cannot  be 
lowered  any  further  as  a  mixture  containing  a  larger  proportion  of  NaNOs 
solidifies  to  a  conglomerate  of  the  two  series  of  rhombohedral  crystals. 
Rhombic  mixed  crystals  rich  in  NaNOs  might  be  expected  to  appear  at  lower 
temperatures,  but  this  could  not  be  realised  experimentally.  T.  M.  L. 

1323.  Freezing-Point  of  Water  containing  Hydrochloric  Acid  and  Phenol, 
J.  A.  Emery  and  F.  K.  Cameron.  (Journ.  Phys.  Chem.  4.  pp.  180-184, 
Feb.,  1900.) — Freezing-points  arc  given  for  solutions  of  phenol  in  water  and 
in  solutions  of  hydrochloric  acid  of  various  strengths  up  to  N/2.  The  results 
show  that  the  freezing-point  of  a  saturated  aqueous  solution  of  phenol  is 
— 1*179°.    The  freezing-point  curve  for  solutions  of  hydrochloric  acid  saturated 


CHEMICAL  PHYSICS  AND  ELECTRO-CHEMISTRY.  493 

1328.  Minimum  EM  J.  for  Electrolysis,  A.  Gockel.  (Zeitschr.  Phys. 
Chem.  82.  pp.  607-624,  March  20,  1900.)— In  this  paper  experiments  are 
described,  the  results  of  which  show  that  there  is  no  minimum  E.M.F. 
necessary  to  start  electrolysis,  but  that  electrolysis  takes  place  under  the 
smallest  E.M.F.'s.  Curves  are  plotted  having  E.M.F.'s  for  abscissae,  and 
current  strengths  for  ordinates.  These  curves  from  the  start,  i.f.,  from  the 
point  at  which  the  current  becomes  measureable,  have  an  upward  slope 
showing  a  gradual  increase  of  current  with  increase  of  E.M.F.  At  certain 
points  the  inclination  increases  rapidly  and  then  resumes  more  or  less  the 
straight  line  form,  but  the  different  portions  which  are  approximately  straight 
do  not  meet  at  sharp  angles  but  are  connected  by  transition  curves.  These  . 
changes  in  the  slope  of  the  curve  take  place  at  the  points  at  which  the 
physical  conditions  are  altered,  e.g,y  the  point  at  which  bubbles  begin  to  be 
evolved. 

The  current  strength  for  these  curves  was  always  observed  three  minutes 
after  the  application  of  the  E.M.F.  The  electrolytes  were  solutions  of 
HflS04,  KOH,  and  ZnBrt,  and  platinum  electrodes  both  in  the  form  of  wires 
and  plates  were  used.  J.  B.  H. 

1320.  Electrolytic  Conductivity  of  Sodium  Salts  of  Nitroparaffins.  O.  Sulc. 
(Zeitschr.  Phys.  Chem.  82.  pp.  625-629,  March  20,  1900.)— The  conductivity 
of  solutions  of  the  sodium  salts  of  nitromethane,  nitroethane,  nitropropane, 
and  nitroisopropane  are  here  determined.  The  molecular  concentrations  of 
the  solutions  of  each  salt  were  82,  64,  128,  256,  512,  and  1,024,  and  a  table  is 
given  for  each.  The  following  table  gives  the  conductivities  for  the  greatest 
and  least  concentration,  and  their  differences,  A  =  fiioti  —  |is,. 

Sodium  salt  of  fiion  M»  A 

Nitromethane 108*6  84-4  242 

Nitroethane 819  69  12*9 

Nitropropane  80*8  678  180 

Nitroisopropane 981?  650?  281? 

J.  B.  H. 

1330.  Production  of  Ozone.  H.  Bordier  and  Moreau.  (Archives  d'El. 
Medicale,  8.  pp.  57-65,  Feb.  1900.)— The  authors  give  the  results  of  experi- 
ments made  with  high-frequency  currents  and  the  "  Resonateur  "  or  Solenoid  of 
Oodin.  The  latter  is  described,  but  the  description  requires  the  accompanying 
figure.  The  ozone  produced  by  the  non-sparking  discharge  was  estimated 
quantitatively  by  the  iodine  and  arsenious  acid  method.  Special  tests  were 
made  for  nitrous  products,  but  always  with  negative  results.  It  was  found 
that  when  copper  wire  was  used  for  the  discharge  terminal  of  the  apparatus, 
it  became  coated  with  crystals  of  oxide  before  the  production  of  ozone 
attained  its  maximum,  and  the  authors  therefore  recommend  that  copper 
should  be  replaced  by  some  less  oxidisable  metal,  or  should  be  plated  with 
gold  before  use  in  the  Oudin  apparatus. 

A  Rhumkorff  coil  taking  a  primary  current  of  9J  amps.,  at  58-60  volts,  with  a 
Wehnelt  interrupter  was  used  in  the  experiments.  Under  normal  conditions 
100  litres  of  air  were  aspirated  and  65  mgs.  ozone  were  produced  per  half 
hoar.  By  increasing  the  volume  of  air  aspirated  it  was  found  possible  to 
greatly  increase  the  yield  of  ozone.  As  regards  the  electrical  efficiency  of  the 
a|>paratus^  the  authors  found  that  while  8  amperes  at  48  volts  yielded  \&  TCk.^« 
9i  amperes  at  60  volts  yielded  62  mgs.  ozone,  tVie  voVum^  ol  ^  * 
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133a  Electrolytic  Reduction  of  Non-Electrolytes.  F.  Haber.  (Zeitschr. 
Phys.  Chem.  82.  pp.  198-270,  Feb.20, 1900.)--The  author  deduces  the  formula 
E  =s  0-0486  (log  I  —  log  Cnc)  —  const.,  for  the  P.D.  between  the  kathode  and 
kathode-solution  in  the  electrolysis  of  an  aqueous-alcoholic  solution  of  caustic 
soda  containing  nitrobenzene  as  a  depolariser,  where  I  represents  the  current 
at  20^  C,  and  Cno,  the  concentration  of  the  nitrobenzene  in  gramme  molecules 
per  C.C.  It  was  found  that  -the  P.D.  was  only  influencied  very  slightly  by  the 
temperature,  and  a  current  of  cold  water  was  therefore  used  in  place  of  a 
more  elaborate  thermostat.  The  kathode  consisted  of  a  platinum  plate,  of 
which  only  one  side  was  in  contact  with  the  solution.  The  P.D.  was  measured 
by  a  new  method,  using  a  capillary  electrometer,  one  terminal  of  which  was 
connected  with  the  kathode,  whilst  the  other  was  connected  through  a  vessel 
containing  decinormal  solution  of  KCl  to  a  tube  of  decinormal  KOH,  the 
minute  capillary  end  of  the  latter  being  placed  in  the  kathode-solution  quite 
close  to  the  kathode  plate. 

Three  series  of  experiments  were  made  to  verify  the  laws : — 

(1)  E  =  0*0486  log  I  —  const.    (CnOj  =  const.), 

(2)  E  =  0-0486  log  J^  —  const.    (I  =  const.), 

Cno, 

(8)  — i—  =  const.    (E  =  const.), 

With  the  exception  of  two  experiments  in  which  some  unknown  cause  of 
disturbance  was  present,  all  the  measurements  showed  a  linear  relationship 
between  concentration  and  current,  as  required  by  law  (8),  when  the  current 
was  adjusted  to  a  constant  P.D.  for  var3ring  concentrations  of  nitrobenzene ; 
the  values  were  most  concordant  when  the  value  of  the  P.D.  was  high.  For 
variations  of  current  from  2*4  to  112  amperes  per  square  metre,  the  P.D. 
varies  according  to  law  (1)  when  the  constant  concentration  of  the  nitroben- 
zene lies  between  J  and  i  mols.  per  litre.  In  six  series  of  experiments  with 
constant  current  it  was  found  that  the  experimental  factor  was  always  greater 
than  0*0486,  the  deviations  being  greatest  when  the  constant  v.ilue  of  the 
current  density  was  relatively  great,  since  the  nitrobenzene  then  becomes 
impoverished  in  the  neighbourhood  of  the  kathode.  T.  M.  L. 
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with  a  high  load  factor  it  is  better  to  use  a  cheap  fuel,  while  for  a  low  load 
factor  a  more  expensive  coal  would  be  better;  for  a  load  factor  of  about 
15  per  cent,  they  would  probably  be  equally  economical.  W.  Geipel  referred 
to  the  advantages  of  a  rib  beneath  the  furnaces  of  a  Lancashire  boiler  in 
promoting  circulation  and  hence  getting  up  steam  more  quickly.  F.  J. 
Appleby  considered  the  powdered  fuel  method  to  be  the  best  way  of  burning 
the  small  bituminous  coals  of  the  North.  H.  R.  C. 

1338.  Efficiency  of  Steam  Boilers  and  Surface  Condensers.  T.  E.  Stanton. 
(Mech.  Eng.  6.  pp.  445-448,  March  81, 1900.  Paper  read  before  the  Owens 
College  Engineering  Society.) — ^This  communication  refers  to  experiments 
made  by  the  author  which  confirm  Osborne  Reynolds's  theory  that  the  rate  of 
transmission  of  heat  between  a  metal  surface  and  a  fluid  in  contact  with  it, 
for  a  given  difference  of  temperature  between  the  surface  and  the  fluid,  is 
proportional  to  the  quantity  of  the  fluid  carried  up  to  the  surface  in  unit  of 
time.  The  author's  experiments  on  water  show  that  the  rise  in  temperature 
of  water  flowing  through  a  tube,  the  surface  of  which  is  kept  at  a  constant 
temperature,  is  practically  the  same  at  all  velocities  above  the  critical  velocity 
at  which  eddying  motion  is  established  in  the  tube.  The  paper  is  illustrated 
by  diagrams  showing  the  temperature  in  a  condenser,  having  a  tube  surface 
of  176  square  feet  when  the  supply  of  cooling  water  is  15*5  pounds  and  25 
pounds  respectively  per  pound  of  steam.  In  another  diagram  the  relation 
between  length  of  tubes  and  condenser  pressure  is  shown  for  the  three  cases 
of  tubes  f  inch,  t  inch,  and  J  inch  in  diameter.  The  curves  clearly  show  that 
the  smaller  the  diameter  of  the  tube  the  less  the  effective  length  need  be  to 
produce  a  given  pressure.  As  an  example  with  a  given  supply  of  steam  and 
cooling  water,  the  effective  lengths  of  tube  for  a  pressure  of  1*68  pounds  per 
square  inch  would  be  proportional  to  26*8, 18*2,  and  10*0  for  tubes  of  J,  |,  f 
dkuneter  respectively. 

A  diagram  is  given,  indicating  the  arrangement  of  tubes  suggested  by  the 
results  of  these  experiments  for  a  condenser  of  high  efficiency.  E.  C.  S. 

1339.  Rules  for  Conducting  Steam  Boiler  Trials.  (Engineering,  69.  pp.  271- 
979^  Feb.  28,  1900.  Report  presented  at  the  Dec.  (N.Y.)  Meeting  of  the 
American  Society  of  Mechanical  Engineers.) — ^The  following  is  a  short 
epitome  of  the  rules  laid  down  for  conducting  boiler  trials  : — 

(1)  Determine  accurately  object  for  which  trial  is  instituted  and  scope  of 
sune.  (2)  Examine  boiler  carefully  both  inside  and  outside,  recording  all  the 
principal  dimensions,  giving  sketches  when  possible,  state  heating  surface 
(both  "water  heating"  and  "steam  heating")  and  grate  surface. 

(8)  Note  general  conditions  of  boiler  and  setting  and  their  relation  to  the 
object  of  the  trial.  Ensure  cleanliness  and  absence  of  leaks  either  of  air  or 
steam.  (4)  Determine  character  of  coal.  (5)  Calibrate  all  measuring  tanks, 
scales,  gauges,  thermometers,  &c. 

(6)  See  that  the  boiler  and  setting  are  thoroughly  heated  before  test 


(7)  Boiler  and  connections  must  be  free  from  leaks,  and  all  connections 
other  than  those  actually  in  use  should  be  blank-flanged  and  should  remain  as 
far  as  possible  in  view  during  trial. 

(8)  Duration  oi  trial  should  be  as  long  as  can  be  conveniently  arranged 
for;  if  possible,  not  less  than  twenty-four  hours  if  test  is  conducted  under 

working  conditions  with  change  of  stokers,  &c. 
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this  instrument  they  are  on  a  time  base,  and  shows  how  to  obtain  a  factor  for 
reducing  one  to  the  other.  The  author  next  deals  with  the  care  of  pressure 
gauges,  and  describes  the  experiments  carried  out  to  ensure  the  gauge  syphon 
remaining  full  of  water  and  free  from  agitation,  which  he  effects  by  means  of 
two  cocks  for  throttling  the  steam. 

In  the  discussion  H.  Lea  described  a  continuous  indicator  brought  out 
by  himself.  S.  H.  Terry  described  a  dial  steam  power  meter  designed  to 
register  (1)  the  mean  effective  pressures  on  piston,  (2)  the  speed  of  the  piston, 
and  (8)  the  I.H.P.  £.  Savage  wrote  of  Janet's  experiments  at  Creusot  on 
similar  lines -to  the  author's. 

Numerous  illustrations  accompany  the  paper.  L.  S.  R. 

AUTOMOBILISM. 

1341 .  Steering  Gear.  (Locomotion  Automobile,  7.  pp.  279-280,  May  8, 1900.) 
— A  description  of  Griffisch's  arrangement  of  levers  whereby  more  correct 
positions  of  the  steering  wheels  of  motor  vehicles  are  obtained  when  turning. 


■'^iJi 


J3 
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Five  diagrams  are  given  explaining  the  method  employed.  The  figure,  repro- 
duced, shows  the  arrangement  very  clearly ;  P  is  the  centre  about  which  the 
mechanism  is  operated  by  the  driver ;  the  lines  A  C  and  B  D  intersect  at  the 
centre  of  the  rear  axle  of  the  vehicle.  A.  G.  N. 

1342.  Uses  of  Acetylene.  Janet.  (Eel.  6lectr.  22.  pp.  197-200,  Feb.  8, 
1900.  Paper  read  before  the  Societe  d' Encouragement  pour  1' Industrie 
Xationale,  Jan.  26, 1900.) — For  lighting  purposes  acetylene  gas  is  (1)  produced 
from  calcium  carbide  in  a  generator  where  used ;  and  (2)  the  gas  is  stored 
under  pressure  or  in  solution  in  a  suitable  portable  receiver.  Compressed 
acetylene  may  be  used  to  light  carriages  and  for  railway  signals  (instead  of 
oil  gas)  at  a  cost  of  0*8  centime  per  carcel-heure.  Two  small  types  of  generators 
arc  described.  W.  R. 

REFERENCES. 

1343.  Combustion  and  Forced  Draught,  R.  B.  Hodgson.  (Mech.  Eng.  4.  pp. 
968-870,  Dec.  30,  1899,  and  6.  pp.  22-24,  Jan.  6,  1900.  Paper  read  before  the  Bir- 
minghani  Association  of  Mechanical  Engineers,  Nov.  4, 1899.) — The  author  describes 
0ie  combustion,  constituents,  and  calorific  values  of  coal  of  several  qualities  ;  the 
amonnft  of  air  required  for  combustion,  the  different  methods  of  forcing  and  inducing 
draught,  and  their  relative  advantages  and  disadvantages.  J.  T.  R. 

1044.  Balancing  Marine  Engines.  J.  Macfarlane  Gray.  (Engineering,  69. 
p.  497,  April  18, 1900.)— The  author  gives  some  geometrical  constructions,  and  refers 
to  papers  by  himself  in  the  Transactions  of  the  Institution  of  Naval  Architects. 
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(4)  In  PUnte  batteries  where  negative  and  positive  capacity  is  about  equal, 
the  resistance  is  distributed  in  practically  the  same  way  as  in  Faure  batteries. 

(5)  Generally,  and  more  especially  when  the  batteries  are  exposed  to  extreme 
loads  (buffer  batteries  and  motor-car  batteries),  the  capacity  of  the  negatives 
should  be  greater  than  that  of  the  positives.  R.  N.  L. 

1349.  Accumulators  in  ihe  Paris  Club  Trials.    A.  Bainville.    (^lectricien, 
19.  pp.  61-«6,  Jan.  27,  70-78,  Feb.  8,  81-86,  Feb.  10,  184-187,  March  8, 
149-US,  March  10, 167-169,  March  17,  I900.)--None  of  the  cells  stood  the 
158  complete  charges  and  discharges.    All  were  lead-lead  cells,  and  some  of 
the  best  are  entirely  new  designs.    The  "  Metaux  "  and  "  Pollak  "  are  minutely 
detaSed  and  illustrated.    In  pages  70-78  are  described  the  "Tudor"  and 
"Pescetto"  cells ;  the  grids  of  the  latter  are  particularly  intricate.    In  pages 
81-8S  the  author  describes  the  "  Blot  Fulmen,"  which  has  special  provisions 
for  free  expansion  of  the  positive  paste  by  supports  made  of  wavy  strips  un- 
confined  laterally.    The  "  Fulmen "  has  grids  filled  with  cakes  of  paste. 
"  Phoenix "  plates  consist  of  small  pasted  cylinders  2  mm.  in  diameter  pro- 
tected individually  by  a  continuous  pile  of  ebonite  washers  1  mm.  thick.    The 
**  Pope  "  positive  plate  consists  of  seven  lead  spirals  pasted  and  protected  by 
2  spinA  of  ebonite  which  covers  half  its  surface.    The  negative  is  a  pasted 
pvL    [See  also  Abstracts  Nos.  952  and  958  (1900).]  M.  O'G. 

1860.  150-Ton  Electric  Crane  at  Bremerhaven,  Germany,    (Eng.  News,  48. 

pp.  99-101,   Feb.  8,  1900;  from  the  "Zeitschrift  des  Vereines  deutscher 

Iqgeniefire.)— The  superstructure  of  the  crane  consists  of  a  rigid  supporting 

lover  and  a  revolving  mast  supported  at  the  foundation  and  at  the  top  of  the 

tower;  the  mast  itself  is  a  framework  structure,  and  carries  at  the  top  a 

doaUe-anned  cantilever  truss.    The  carriage  with  the  hoisting  gear  runs  on 

the  cantilever,  and  the  opposite  end  of  the  cantilever  bears  a  counterweight  so 

proportioned  that  the  negative  bending  moment  arising  from  it  when  the 

carriage  is  at  its  inner  position  equals  the  positive  moment  due  to  the  maximum 

load  at  the  extreme  length  of  the  arm.    The  total  weight  of  the  mast,  counter- 

'weiglht,  and  load  produces  a  vertical  pressure  which  is  transmitted  from  the 

mast  through  a  hinge  to  a  revolving  platform  resting  on  rollers.    The  total 

hcigfit  of  the  crane  is  118  feet  from  the  top  of  the  foundations,  and  the  total 

is  72  feet,  giving  a  useful  reach  of  44^  feet  from  the  front  of  the  masonry 

to  the  middle  of  the  hook. 

The  turning  mechanism  is  actuated  by  a  direct-current  motor  of  26  H.P. 

tt  650  revs,  per  min. ;  a  worm  gear  and  spur  gears  transmit  the  motion  to  the 

in  four  reductions,  the  total  reduction  being  1 : 4,000.    The  cantilever 

requires  7*2  minutes  to  make  a  complete  revolution.    The  circum- 

motion  of  the  hook  at  its  extreme  position  is  therefore  81^  feet  per 

and  is  accomplished  under  maximum  load  ;  with  a  smaller  load  a  greater 

can  be  obtained. 

The  steel  lifting  cable  is  2*86  inch  diameter,  and  has  a  breaking  strength 

cf  ISO  tons  over  a  pulley  of  47^^  inches  diameter.    The  tackle-block  has  seven 

heaves  corresponding  to  eight  plies  of  the  cable.    It  did  not  seem  practicable 

1  wind  the  unusually  long  cable  on  a  drum  borne  by  the  carriage ;  but  two 

■rds  or  pulleys' are  provided  which  in  their  action  correspond  to  a  single 

rifef  encircled  an  equal  number  of  times.    The  number  of  turns  is  six,  and 

e  calcnialed  tension  in  the  cable  as  it  leaves  the  last  pulley  is  16  lbs.    The 

icfc  cod  of  the  cable  runs  upon  supporting  rollers  to  the  middle  of  the  mast, 

d  to  a  pair  of  blocks,  through  which  it  makes  twelve  turns.    The  lowtit 
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block  is  weighted  and  runs  between  guides,  the  tension  produced  in  the  cable 
being  1,100  lbs. 

Two  series- wound  motors,  each.delivering  17i  H.P.  at  460  revs,  per  min., 
operate  the  lifting  tackle.  They  are  connected  by  flexible  couplings  to  a 
common  spindle,  from  which  th^  rotation  is  transmitted  by  two  sets  of  spur 
gears  to  a  third  spindle  l3ring  between  the  two  cable  pulleys ;  on  this  latter 
spindle  are  fixed  two  pinions  engaging  with  four  spur  wheels  bolted  to  the 
pulleys  Two  sets  of  electromagnetic  and  mechanical  brakes  are  provided, 
all  working  automatically.  The  mechanical  brakes  act  as  a  reserve  in 
case  of  a  failure  of  the  magnetic  brakes.  They  are  fully  described  in  the 
paper. 

The  movement  of  the  carriage  is  effected  by  a  motor  which  develops 
26  H.P.  at  550  revs,  per  min.  The  motion  is  transmitted  by  a  worm  gear  to 
two  pairs  of  spur  gears.  The  motors  operate  at  110  volts,  and  are  similar  to 
street  car  motors.  The  weight  of  material  used  in  the  supporting  tower  and 
cantilever,  turning  machinery,  cable  and  blocks,  carriage  and  pulleys,  is  412 
tons.  The  weight  of  an  American  150-ton  crane  referred  to  for  comparison  is 
775  tons.  A.  S. 


REFERENCES. 

1361.  E.  C.  C.  Electrical  Lift  Gear,    (Electrician,  44.  pp.  289-290,  Dec.  22, 1899.) 

1862.  Meters,  H.  Armagnat.  (Eel.  Electr.  21.  pp.  161-172,  Nov.  4  ;  296-301, 
Nov.  25 ;  412-419,  Dec.  16,  1899.) — Illustrated  description  of  meters  of  Sherman- 
White,  Peloux,  Boult,  Routin-Brown,  Mohrle,  Marks,  Locke,  Thomson-Holden,  and 
O'Keenan  (pp.  161-172).— Meters  of  Bastian,  Edison,  Thomson,  Alio,  Soames, 
Crawley,  and  Raphael  (pp.  295-801). — Recent  improvements  in  meters  including 
those  of  Long-Schattner,  Batault,  Laarman-Brockelt,  Chamberlain  and  Hookham, 
Thomson,  Davis,  Staunton,  Jones,  and  Evershed  and  Vignoles  (pp.  412-419).  (See 
also  1899,  Abstracts  Nos.  168,  1421.) 

1363.  O'Keenan  Electricity  Meter.  C.  E.  0*Keenan.  (Soc.  Int.  Elect.,  Bull.  16L  J 
pp.  391-409,  1899.)  —  Descriptive  paper,  including  results.     (See  1900,  Abstract 
No.  580.) 

1364.  Electrical  Engineering.  S.  P.  Thompson.  (Inst.  Elect.  Engin.,  JouriL  * 
29.  pp.  14-36,  Jan.,  1900.) — This  is  an  inaugural  address  in  which  the  author  givet'i 
an  account  of  the  present  position  and  tendencies  of  electrical  engineering.  Par-  ■ 
ticular  attention  is  called  to  the  marked  effect  which  the  amortisscnr  of  M.  LeblanC:; 
has  upon  the  parallel  running  of  alternators,  to  the  application  of  electric  powers.' 
to  heavy  railways,  and  to  progress  in  contact  systems  for  tramways.  W,  R.  CL  t 

1366.  Central  Station  Buildings.    C.  S.  Peach.    (Elect.  Engin.  25.  pp.  809-ai]»j 
March  2,  and  836-340,  March  9, 1900.   Lecture  delivered  at  Carpenter's  Hall,  March  l»j 
1900.) — A  lecture  on  the  subject  of  the  architectural  points  necessitated  by  engin< 
ing  considerations. 

1366.  Sag  of  Overhead  Lines.    M.  Jailig.    (Elektrotechn.  Zeitschr.  90.  pp. 
889.    Dec.  21,  1899.)— From  the  catenary  equation >'  =  *^c*  +  «'"*\  -  A   cosh 

the  sag  and  length  of  wire  required  in  an  overhead  span  between  posts  of  cum 
height  to  give  a  minimum  stress  in  the  wire  are  calculated.    A  tabic  of  h] 
functions  of  angles  up  to  4?  is  given,  and  several  actual  examples  worked  out  in 
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1367.  CommMialorless  Dynamo  Design.  H.  E.  Heath.  (Elect.  World  and 
En^eer,  B6.  pp.  210-211,  Feb.  10, 1000.) — For  electrochemical  and  electro- 
metallurgical  purposes  the  current  produced  by  a  commutatorless  dynamo 
is  superior  to  that  from  any  other  form  of  cnachine.  With  the  ordinary 
form  of  low  potential  dynamo  the  current  is  to  an  appreciable  extent  pulsating, 
owing  to  the  few  commutator  segments.  Three  forms  of  commutatorless 
or  unipolar  dynamo  are  given,  one  of  which  is  here  reproduced.    AA  is  the 


annature,  BB  the  poles,  and  C  the  exciting  coil.  The  electrical  path  is  shown 
by  the  continuous  line,  and  the  magnetic  path  by  the  dotted  line.  This 
machine  gives  1^  volts  and  6,000  amperes  at  1,200  revs.  The  outside  diameter 
of  the  armature  is  16  inches,  and  of  the  pole  ends  10  inches.  The  shaft  is  of 
Tobin  bronze,  to  reduce  the  resistance,  with  steel  collars.  The  loss  in  the 
6eld  is  700  watts.  The  drop  at  full  load  may  sometimes  amount  to  as  much 
as  one-tbird  of  a  volt,  but  this  is  apparently  all  in  the  collectors  and  sliding 
contacts.  R.  B.  R. 

13fi8.  ComposHe-Wound  Polyphase  Alternators.  (Amer.  Electn.  12.  p.  61, 
Jan,  1900-)— This  is  a  description  of  a  method  employed  by  the  Westing- 
house  Electric  Company  for  compounding  alternators  for  constant  potential 
Dnder  varying  loads.  The  arrangement  consists  of  a  series  transformer 
moanted  on  the  spokes  of  the  armat'ire  of  the  alternator  and  rotating  with  It. 
By  means  of  this  series  transformer  the  voltage  delivered  to  a  rectifying 
commutator  and  the  fields  is  much  less  than  that  generated  by  the  machine. 
fn  polyphase  machines  this  transformer,  instead  of  having  one  primary,  has 
two  or  three,  according  to  whether  the  machine  generates  two  or  three 
phases.  W.  G.  R. 

1309.  Parallel  Running  of  AUemalors.    G.  Chevrier.    (Eel.  Electr.  22. 
pp.  401-405,  March  17,  1900.)— Making  use  of  the  graphical  construction 
I  by  C.  F.  Guilbert  [see  1900,  Abstract  No.  S42].  the  author  applies 
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it  to  explain  what  proceedings  are  necessary  to  make  the  power  factor  for  the 
branched  circuit  consisting  of  the  alternator  armatures  as  high  as  possible. 
In  fig.  1,  00  is  the  external  current  vector,  OB  the  P.D.  vector.  If  there  is 
only  a  single  alternator,  then,  neglecting  the  resistance  drop,  the  inductance 
drop  in  its  armature  will  be  represented  by  BA,  which  is  in  line  with  CB,  the 
inductive  drop  in  the  external  circuit.  BA  is  thus  proportional  to  the  current, 
and  to  a  suitable  scale  represents  the  current  vector  rotated  through  90^ 
in  advance  of  its  actual  position.  OA  gives  the  E.M.F.  Further,  the  power 
developed  by  the  alternator  is  proportional  to  the  area  of  the  triangle  BOA, 
i.e.,  since  OB  is  constant,  to  PA.  If  there  are  two  alternators,  whose  E.M.F.'s 
are  Ei  and  E^,  then  (fig.  1)  their  currents  will,  to  a  suitable  scale,  be 


FIG. I 


FIG    Z. 


represented  by  BAi  and  BAj,  and  their  powers  by  PPi  and  PPf.  From 
this  it  follows  that  if  the  supply  of  power  to  each  alternator  remains  con- 
stant, and  their  excitations  are  varied,  the  extremities  of  the  E.M.F.  vectors 
will  move  along  PiP^  and  PjPj.  The  best  arrangement— corresponding  to  the 
least  loss  by  heating  of  the  alternator  armatures — is  obviously  that  for  which 
the  E.M.F.'s  have  the  values  Oai  and  Oar  If  the  power  of  each  alternator  is 
the  same,  the  diagram  reduces  to  that  shown  in  fig.  2,  and  the  best  arrange- 
ment corresponds  to  equality  of  the  two  E.M.F.'s,  each  of  which  is  then  equal 
to  OM.  In  order  to  reach  the  point  M,  the  alternators  are  first  equally 
excited,  and  then  the  supply  of  power  to  each  prime  mover  is  adjusted  until 
the  currents  become  equal.  A.  H. 

1360.  Parallel  Running  and  Hunting  of  Alternators.  H.  Gdrges.  (Elek- 
trotechn.  Zeitschr.  21.  pp.  188-198,  March  8,  1900.)— The  paper  is  divided 
into  two  parts.  Part  I.  deals  with  the  graphical  representation  of  the  E.M.F.'s 
currents  and  powers  in  a  vector  diagram.  Part  II.  is  devoted  to  the  problem 
of  hunting.  The  differential  equation  of  the  oscillations  which  are  superposed 
on  a  uniform  motion  of  rotation  is  first  deduced,  damping  being  taken  into 
account.  The  author  then  considers  (1)  the  natural  oscillations  of  the  alter- 
nator when  displaced  from  its  normal  phase  relation  to  the  *bus  bar  P.D. ; 
(2)  the  forced  vibrations  due  to  fluctuations  in  the  torque  of  the  prime  mover. 
Observations  on  actual  alternators  are  in  agreement  with  the  results  of  theory. 
The  formula  deduced  by  the  author  for  the  natural  period  of  vibration 
agrees  with  those  previously  obtained  by  Boucherot,  Blondel,  and  Kapp  [sec 
19CX),  Abstracts  Nos.  840  and  841].  In  order  to  avoid  troublesome  himting,  the 
author  recommends  the  use  of  prime  movers  whose  torque  passes  through  a 
number  of  periods  during  each  revolution.  A.  H« 
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ISW.  AltemaUng-Cumnl  Molors.  W.  A.  Layman.  JHecfi.  Eng. •  B.  _ 
pp.  80-82,  Jan.  30,  138-180,  Jan.  27,  and  170-172,  Feb.  8,  lUW.  I'JilJei'  iloJ 
before  the  Engineers'  Club  of  St.  Louis,  and  reprinted  in  the  "  Journal  of  the 
Association  of  Engineering  Societies.") — After  giving  a  description  of  induc- 
tion motors  in  general  the  author  proceeds  to  describe  in  detail  one  manu- 
factured hy  the  Wagner  Electric  Manufacturing  Company  of  St.  Louis,  for 
which  a  lacge  starting  torque  is  claimed.  In  these  machines  the  armature 
cores  are  wound  with  an  ordinary  direct-current  progressive  winding, 
connected  up  to  a  commutator  in  exactly  the  same  fashion  as  in  the 
direct-current  motor  winding.  The  commutator  of  this  armature  is  so 
designed  that  it  may  be  completely  short-circuited  by  introducing  a  short- 


circuiting  circle  of  copper  segments.  When  so  short-circuited  this  winding 
differs  from  the  squirrel  cage  only  in  that,  instead  of  the  currents  being  left 
to  sdect  paths  for  themselves  they  are  restricted  to  flowing  in  paths  afforded 
by  the  individual  cwls  of  the  armature  winding.  The  commutator  is  of  the 
radial  ^pe.  The  short-circuiting  band  is  made  up  of  small  copper  links, 
which,  being  mounted  upon  a  short-circuiting  ring,  are  thrown  into  an 
^f^giilar  opening  in  the  commutator,  and  by  making  close  contact  with 
cadi  segment  it  short-circuits  the  whole  armature.  The  starting  arrangement 
b  shown  in  fig.  1,  which  shows  a  starting  resistance  placed  between  brushes 
mbUng  OD  the  commutator.  Pigs.  2,  8,  4,  show  respectively  the  relations 
between  starting  torque  and  current,  efficiency  and  load,  and  power  factor 
and  load.  W.  G.  R. 

1802.  Friction  Losses  iit  Induction  Motors.  F.  Blanc  (Elektrotechn. 
Zdtichr.  ai.  pp.  181-188,  Feb.  16,  1900.}— Referring  to  Braun's  article  on 
dds  Hibject  [see  1900,  Abstract  No.  849],  the  author  states  ftta!t  X\ve  odX^ 
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unsatisfactory  feature  about  method  (4)  is  the  fact  that  the  expepitnental 
determination  of  N/Nq  is  very  laborious  if  accuracy  is  required.  He  then 
describes  the  following  method  of  finding  the  friction  loss  (this  method  being, 
however,  only  applicable  to  motors  provided  with  slip-rings).  Let  Wc:=  copper 
loss,  in  watts,  in  rotor  windings  when  the  motor  is  loaded,  Wc  ==  ditto  when 
running  light ;  w  =  power,  in  watts,  employed  in  turning  rotor ;  (To  and 
a  =  slip  of  rotor,  expressed  as  fraction  of  synchronous  speed,  when  the  motor 
is  running  light  and  loaded  respectively.    Then  we  have — 


w       1  — «r 

Now  when  the  motor  is  running  light,  w  becomes  ay,  the  friction  loss. 

Hence — 

» 1  —  <ro 

and  it  remains  to  determine  w'c  and  <ro.    Since  the  frequency  of  the  rotor 

currents  is  very  low,  the  reactance  of  its  windings  may  be  neglected,  and 

w'c  calculated  from  the  formula  E'/R,  where  E  is  the  E.M.F.  induced  in  the 

rotor  windings,  and  R  their  resistance.    If  Eo  stand  for  the  E.M.F.  induced 

in  the  open-circuited  rotor  winding  between  two  slip-rings  when  the  rotor  is 

standing  still,  then  the  E.M.F.  in  the  same  portion  of  the  rotor  winding  when 

the  rotor  is  running  with  a  slip  ^o  is  Eo<ro.    From  this  it  follows  that  if  Rf 

and  Rs  denote  the  resistances  of  one  phase  of  a  two-phase  and  three-phase 

motor  respectively — 

'      2  K^tr^ 
Wc  =  — ~-^   for  a  two-phase  motor, 

»       E'<t 
and —  Wc  =  —5-^    for  a  three-phase  motor. 

In  order  to  find  Vo,  the  author  recommends  the  following  extremely  simple 
and  at  the  same  time  accurate  method.  A  small  magnetic  needle  (a  charm- 
compass  is  very  suitable  for  this  purpose)  is  brought  near  one  of  the  conductors 
connecting  the  rotor  windings  to  the  starting  resistance.  The  number  of 
oscillations  of  the  needle  then  gives  the  frequency  of  the  rotor  currents  and 
therefore  the  slip.  In  dealing  with  single-phase  motors,  EoCTo  in  the  formulae 
for  w'c  must  be  replaced  by  0*9  EqCTo.  In  conclusion,  the  author  gives  the 
following  formula  for  the  friction  loss,  and  states  that  it  has  been  found 
applicable  to  motors  from  -^  to  800  H.P. : 

tty=  C  Vh.P.  X  D, 

where  D  is  the  rotor  diameter  in  cms.,  and  C  is  a  constant  depending  on  the 
construction  of  the  bearings  and  ranging  from  20  to  80.  A.  H. 

1363.  Transformers  at  Niagara,  (Elect.  World  and  Engineer,  86.  pp.  227- 
228,  Feb.  10,  1900.)--A  description  of  a  set  of  1876  kw.  Westinghouse  oil- 
insulated  transformers,  which  are  the  largest  hitherto  made.  They  are  used 
for  transforming  from  2,200  volts  two-phase  to  11,000  volts  three-phase  by 
Scott's  method.  Each  measures  9  feet  high  by  7  feet  in  diameter,  and 
weighs  80,000  lbs.,  including  oil.  The  efficiency  at  full  load  is  98*6  per  cent., 
at  quarter-load  97*6,  and  at  one-tenth  load  94'6  ;  the  iron  loss  being  0*64  per 
cent.,  and  the  full  load  copper  loss  0*96  per  cent.  The  secondary  drop  at  full 
non-inductive  load  is  only  1  per  cent    The  18  per  cent,  reduction  in  voltag^i 
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reqnired  for  the  secondary  of  one  transformer  of  a  Scott-connected  pair,  is 
obtained  by  cutting  in  more  turns  in  the  primary  ;  and  in  a  similar  way  the 
5  per  cent,  adjustment  in  secondary  voltage,  necessary  for  regulating  with 
different  loads,  is  conveniently  carried  out.  W.  H.  E. 

1364.  Magnetic  Leakage  of  Induction  Motors.  M.  Bfeslauen  (Zeitschr. 
Elektrotechn.,  Wien,  18.  pp.  9^100,  Feb.  18, 1900.)— The  following  formulae 
give  the  minimum  power  factor  cos^,  the  normal  power  current  Cw,  the 
magnetising  current  Cm,  and  the  no-load  current  in  terms  of  the  leakage 
factor  u  for  induction  motors — 


cos^ 


To  increase  the  power  factor  the  leakage  must  be  reduced  as  far  as  possible. 
Hence  the  modern  tendency  to  large  diameters  at  the  expense  of  length  in 
rotors.  The  above  formulae  are  compared  with  the  results  of  tests  of  2  and 
20  H.P.  induction  motors  which  gave  leakage  factors  of  0*11  and  0*06 
and  power  factors  of  0*84  and  0*82  respectively.  L.  B. 
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1369.  Power  Transmission  with  Constant  Current.  H.  Cu6nod  and 
R.  Thury.  (Soc.  Int.  6lect.,  Bull.  17.  pp.  9-98,  Jan.,  1900.)— This  paper 
describes  the  Thury  system,  and  includes  an  account  of  installations  where 
it  is  employed.  The  aggregate  capacity  of  the  plant  installed  since  1898 
amounts  to  17,600  H.P.,  including  a  6,000-H.P.,  22,000-volt  plant,  now  under 
construction,  to  supply  Lausanne  from  St.  Maurice,  56  km.  distant,  where 
water  power  is  to  be  taken  from  the  Rhone. 

The  power  is  generated  in  each  case  by  a  number  of  direct-current 
dynamos  connected  in  series  according  to  the  voltage  required,  and  giving  a 
constant  current.  The  motors  to  be  worked  in  the  circuit  are  all  designed  to 
take  the  same  current,  the  voltage  of  each  depending  on  its  output.  The 
maximum  voltage  of  each  dynamo  varies  in  different  cases  from  1,000  to  8,500, 
and  the  greatest  current  hitherto  used  is  250  amperes.  The  dynamos  are 
mostly  drum-wound,  six-pole,  and  arc  in  some  cases  excited  independently. 
No  trouble  is  experienced  from  sparking  on  the  commutator,  the  number  of 
segments  being  such  that  the  voltage  between  adjacent  segments  does  not 
exceed  16,  in  machines  for  the  higher  pressures. 

When  the  engine  or  turbine  is  to  run  at  a  fixed  speed,  and  the  dynamos 
are  self-excited,  the  current  is  automatically  kept  constant  by  a  regulator 
which,  between  full  and  }  voltage,  shunts  the  field,  and  for  lower  voltages 
moves  the  brushes.  If  separate  excitation  is  employed,  the  exciter  is  driven 
by  its  own  turbine,  whose  speed  is  automatically  adjusted  by  the  main 
current.  Usually,  however,  the  engine  is  arranged  to  run  at  a  variable  speed, 
giving  a  constant  torque  :  the  opposing  torque  varies  nearly  as  the  square  of 
the  current,  and  hence  the  current  remains  nearly  constant.  With  turbines 
the  applied  torque  varies  with  the  speed,  and  therefore  the  self -regulation  is 
not  so  exact.  But,  in  either  case,  occasional  hand  regulation  is  sufficient ;  or 
the  control  may  be  automatic,  e.g.^  by  means  of  a  series  motor  carrying  the 
main  current,  whose  armature,  resisted  by  a  yielding  spring,  actuates  the 
valves  of  the  turbines. 

Motors  have  their  speed  automatically  controlled  by  one  or  more  of  three 
methods : — 

(1)  Regulating  the  field ;  either  by  a  resistance  in  shunt  or  by  changing 
the  field  connections  so  as  to  put  some  of  the  windings  in  opposition  to  the 
others.  (The  latter  principle  can  be  used  for  reversing  if  required.)  This  is 
the  method  most  used,  but  is  not  suitable  for  motors  of  over  100  H.P.,  owing 
to  sparking  at  the  brushes. 

(2)  Changing  the  position  of  the  brushes. 

(8)  Using  secondary  cells  in  shunt  with  the  brushes.  This  method  is 
employed  only  for  motors  under  10  or  16  H.P.,  preferably  compound- wound. 
When  the  load  is  light  the  cells  are  changed,  the  torque  being  thus  increased 
and  the  speed  kept  down.    The  energy  stored  can  be  used  at  times  of  heavy 

load. 

In  case  of  excessive  speed  the  motor  is  short-circuited  by  a  centrifugiU 
device.    And  if  the  terminal  voltage  becomes  too  great  {e^.,  by  a  break  in  the 
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circuit)  an  electromagnetic  by-pass  comes  into  action.  As  a  protection 
against  a  very  sudden  rise  in  voltage,  such  as  sometimes  arises  from  atmos- 
pheric "  circulatory  discharges,"  a  lightning-arrester  is  connected  across  the 
poles,  in  addition  to  the  two  between  poles  and  earth. 

The  efl&ciency  of  a  800  H.P.  motor  was  found  to  be  98^^  per  cent. 

Distribution  for  lighting  and  for  small  motors  is  carried  out  by  means  of 
motor-generators  giving  constant  pressure.  In  one  case  the  reserve  plant 
includes  dynamos  which  can  give  either  constant  current  (with  separate 
excitation)  or  constant  pressure  (with  shunt  excitation),  and  can  therefore  be 
used  either  in  the  primary  or  the  secondary,  as  desired.  W.  H.  E, 

ELECTRICITY  WORKS  AND  TRACTION  SYSTEMS. 

1970.  Utilisation  of  Schaffhausen  Water  Power,  A.  Amsler.  (Inst  Elect. 
Engin.,  Journ.  29.  pp.  175-184.  Discussion,  pp.  184-191,  March,  1900.)  The 
original  installation  in  which  the  power  from  the  turbines  A^s  transmitted  by 
wire  ropes  for  a  distance  of  600  metres  along  the  bank  of  the  river  is  now 
being  replaced  by  electric  transmission.  Owing  to  the  wearing  and  loosen- 
ing of  the  pulleys  the  speed  of  the  turbines  had  to  be  reduced  from  40  to  80 
revolutions  per  minute ;  the  average  life  of  the  ropes  has  .latterly  become 
less  than  a  year,  the  expense  of  renewal  being  85  per  cent,  of  the  total  income. 

Francis  turbines  are  to  be  used  driving  alternators  at  a  pressure  of  2,000 
volts ;  the  power  is  to  be  delivered  to  consumers  at  a  price  of  125  francs  a 
year  per  B.H.P.  measured  at  the  motor. 

In  the  discussion  F.  Pr^Sil  gave  an  investigation  of  the  transformer  tur- 
bine in  which  part  of  the  water  supply  is  used  to  drive  a  ring  of  vanes 
intermediate  between  the  fixed  vanes  and  the  motor  wheel ;  an  artificially 
increased  head  is  thus  given  to  the  water  passing  through  the  motor  wheel 
and  the  speed  of  the  latter  increased.  His  conclusion  is  that  transformer 
turbines  would  only  be  suitable  for  low,  variable  heads  and  direct  coupling. 

ri*  K»  L/« 

1371.  Metropolitan  Electric  Supply  Company's  Works,  Willesden,  (Elec- 
trician, 44.  pp.  691-697,  March  9,  and  788-788,  March  16, 1900.)— The  load  on 
this  supply  company's  stations  in  London  has  grown  to  such  an  extent  that  it 
has  been  found  necessary  to  increase  the  generating  plant  and  also  to  provide 
for  further  large  extensions  in  the  future.  For  this  purpose  large  works  have 
been  erected  at  Willesden,  where  a  very  suitable  site  was  procured,  about 
nine  acres  in  extent,  adjacent  to  the  London  and  North-Western  main  railway 
line,  a  branch  line  of  the  Midland  Railway,  and  the  Grand  Junction  Canal. 
There  are,  consequently,  ample  facilities  for  the  supply  of  coal  either  by  rail 
or  by  water.  The  coal  can  be  conveyed  either  from  the  canal  or  the  railway 
siding  by  means  of  a  conveyer,  constructed  by  the  Temperley  Transporter 
Company,  which  carries  coal  directly  into  bunkers  on  the  roof  of  the  boiler 
house.  The  bunkers  can  store  about  1,000  tons  of  coal.  The  coal  is  lifted  in 
skips,  each  containing  15  cwt.,  to  the  transporter  beam,  a  height  of  55  feet. 
It  is  then  carried  by  the  traveller  into  the  bunkers,  the  maximum  travel  being 
274  feet  The  full  skip  en  route  to  the  boiler  house  is  stopped  and  lowered  to 
the  platform  of  a  weighing  machine  ;  after  being  weighed  it  is  again  taken  up 
and  carried  to  the  bunkers,  where  each  skip  is  automatically  tipped.  Elec- 
trical power  is  used  for  the  conveyer. 

The  boiler  house  contains  sixteen  Babcock- Wilcox  boilers,  working  at 
100  lbs.,  and  fitted  with  Babcock- Wilcox  steam  superheaters.   Six  oi  ^he  V)0)1<^% 
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c;e\eral  physics. 

1392.  Bcndinii  Modulus  of  Beeswax  ami  Paraffin.  M.  S.  Segel.  (Phys. 
ZeitiKihr.  1.  pp.  126-127,  1899.  Cominuiucated  by  the  FhyMkalisclun 
Institute  dcr  ITniversitat  Kasan.) — Interference  bands  are  used  in  measuring 
the  bending  of  short  beams  of  the  substances.  The  plastic  effect  is  very 
large,  and  Young's  Modulus,  calculated  from  the  elastic  eftect  is  found  to 
i-ary  from  223-4  kg/mm*  at  5"*  to  127*4  kg/mm»  at  28''  in  paraffin,  and  from 
59-i  kg/mm*  at  llo"  to  46*6  kg/mm*  at  19*4"  in  wax.  G.  K.  A. 

1393.  Hoop  Stresses  and  Tensile  Strength.  M.  Griibler.  (Fhys.  Zcitschr. 
1.  pp.  190-191,  Jan.  20,  1900.  Report  read  before  the  71st.  Xaturforscherver- 
«ammlung  in  Munich.) — In  testing  hollow  cylinders  of  white  sandstone  to 
destruction  by  rotation  at  high  speeds,  the  hoop  stress  was  on  the  average 
51*5  kg.  per  sq.  cm.  With  this  material  the  modulus  of  elasticity  is 
practically  constant  up  to  the  breaking  point.  Careful  tensile  te>l ;  on  the 
sime  material  gave  a  strength  of  21*6  kg.  per  sq.  cm.  The  great  discrepancy 
between  these  two  results  is,  in  the  opinion  of  the  author,  due  to  imper- 
fections in  loading  the  tensile  test  specimens  uniformly.  The  theory  of  the 
»tresses  in  a  rotating  disc  shows  that  if  a  small  hole  be  drilled  at  the  centre  of 
the  disc,  the  stress  is  double  that  in  a  complete  disc  rotating  at  the  same 
^peed ;  wherefore  the  bursting  speed  of  rotation  of  the  complete  disc  sliould  be 

y/i  times  that  of  the  perforated  disc.  Tests  of  hollow  cylinders  and  solid 
c>'Unders  of  white  sandstone,  however,  showed  that  they  burst  at  practically 
the  same  speeds.  A.  S. 

1394.  Calibration  oj  a  Glass  Tube  and  Compressibility  Coeffments.  G.  A. 
Hulett.  (Zeitschr.  Phys.  Chem.  83.  pp.  237-244,  April  17.  1900.)— The 
tnthors  method  of  calibration,  which  is  quicker  than,  and  obviates  the 
troublesome  calculation  required  by,  the  ordinary  method,  is  as  follows  : 
The  tube  is  filled  to  the  zero  point  of  the  scale  with  mercury,  which  is  then 
kept  in  a  fixed  position  by  closing  the  lower  end  of  the  tube.  By  means  of  a 
Barrow  capillary  pipette  successive  equal  volumes  of  mercury  are  removed, 
the  various  positions  of  the  meniscus  being  read  off.  From  the  auiwbet  ol 
the  reading  and  the  total  amount  of  mercurv  taken  away  the  covrecV\o\\s  U>v 
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irregularity  of  the  tube  are  calculated.     For  internal  diameters  less  than 
0*50  mm.,  the  method  is  difficult  to  carry  out. 

Taking  Amagat's  value,  39  X  lO"'',  for  the  absolute  compressibility  of 
mercury  for  1  atmosphere,  the  author  finds  the  following  numbers  for  the 
compressibility  of  water  saturated  with  air.  At  9**,  45*8.10~® ;  at  IT**, 
44-6.10-« ;  at  50°,  41-9.10-*.     For  paratoluidine  at  45°  the  value  is  61-2.10-«. 

T.  H.  P. 

1396.  Thermal  Deformation  of  a  Balance.  T.  Middel.  (Ann.  d.  Physik, 
2.  1.  pp.  115-134,  May,  1900.) — In  their  determination  of  the  gravitational 
constant  in  the  citadel  of  Spandau,  Richarz,  and  Krigar-Menzel  observed 
strong  variations  of  the  sensitiveness  of  their  balance.  The  author  shows 
that  these  variations  were  due  to  the  unequal  thermal  expansion  of  the  parts 
of  the  balance  beam,  some  of  which  were  made  of  rolled  brass,  while  the 
others  were  made  of  cast  brass.  He  tested  the  beam  used  by  those  ex- 
perimenters, and  proved  by  means  of  two  mirrors  attached  to  the  ends  and  at 
right  angles  to  the  beam  that  the  beam  was  bent  by  a  rise  of  temperature,  as 
indicated  by  an  increase  in  the  angle  between  the  two  mirrors.  The  rolled 
brass  has  a  higher  coefficient  of  expansion  than  the  cast  brass.  No  additional 
error  is  introduced  by  placing  the  weights  on  the  balance.  Moreover,  a  few 
oscillations  of  the  temperature  suffice  to  annul  the  bending.  E.  E.  F. 

1396.  Stereoscopic  Rangefinder.  C.  Pulfrich.  (Phys.  Zeitschr.  1.  pp. 
98-102  ;  Discussion,  pp.  102^104, 1899.  Report  read  before  the  Naturforschcr- 
versammlung  in  Munich.) — The  rangefinder  which  this  paper  deals  with  is 
the  one  now  made  by  Zeiss  of  Jena,  the  original  idea  and  fundamental 
design  emanating  from  the  late  H.  de  Grousilliers. 

The  instrument  consists  essentially  of  a  Helmholtz  "  Telesterescope,"  with 
scales  introduced  in  the  two  eyepieces.  These  two  scales  are  so  graduated 
and  so  arranged  that  when  viewed  simultaneously  in  the  eyepieces  with  the 
two  eyes,  the  tv.o  scales  seem  to  combine  and  to  represent  one  scale  stretch- 
ing from  the  observer  away  to  an  infinite  distance  in  the  landscape.  To  find 
the  range  of  any  object  it  remains  only  to  judge  which  mark  on  the  scale 
seems  to  be  at  the  same  distance  as  the  object  is  from  the  observer. 

The  accuracies  claimed  for  the  different  sizes  of  instrument  are  as 
follows : — 

I.  II.  III. 

Maf»i 
Kanj^e. 

500  m. 
1,000  m. 
2,000  m. 
4,000  m. 
8,000  m. 


1397.  Water-Bath  Regulator,    H.  S.  Hatfield.    (Chera.  News,  81.  p.  6r 
Feb.  9,  1900.) — The  water  supply-tube  bifurcates,  one  limb  dipping  under  th 
water  in  the  bath,  whilst  the  other,  by  which  the  excess  of  water  escapes,  h 
an  opening  in  its  side  at  the  desired  height.    The  apparatus  possesses  I 
advantage  over  other  regulators  in  that  its  action  is  not  affected  by  i 
collection  of  air-bubbles,  which  are  immediately  carried  away  by  the  curr 
of  water.  1^, 


Magn.  =  8. 
Base  =  50  cm. 

Magn.  =  14. 
Base  =  87  cm. 

Magn.  =  23. 
Base  =  144  cm. 

9  m. 

3  m. 

— 

35  m. 

12  m. 

5  m. 

141  m. 

50  m. 

18  m. 

564  m. 

200  m. 

70  m. 

—  m. 

800  m. 

280  m. 

J.  B.  H. 

GENERAL  PHYSICS.  523 

1398.  A  Manostat.  A.  Smits.  (Zeitschr.  Phys.  Chem.  83.  pp.  39-46, 
April  8,  1900.  Paper  read  before  the  Koninklijke  Akademie  van  Weten- 
schappen,  Amsterdam,  Nov.  27,  1897.) — The  results  of  ebullioscopic  ex- 
periments are  often  seriously  affected  by  alterations  in  the  atmospheric 
pressure  during  the  progress  of  the  work.  The  author  has  therefore  devised 
an  apparatus  (manostat)  whereby  the  pressure  is  maintained  constant  to 
within  less  than  1  mm.  of  water.  It  consists  essentially  of  a  manometer  con- 
nected uith  an  electrical  mechanism  by  means  of  which  the  vessel  is 
connected  with  an  exhaust  or  compression  apparatus  when  the  pressure 
indicated  either  rises  above  or  falls  below  a  certain  value.  Diagrams  of  the 
apparatus  are  given  in  the  paper.  N.  L. 

1899.  Minerals  and  Pseudomorphs  from  Malfidano  {Sardinia).  F.  Mil- 
losevich.  (Accad.  Lincei,  Atti,  9.  pp.  153-159,  March  4,  1900.)--Crystals  of 
the  following  minerals  from  Malfidano  mines  are  described  :  Cerussite, 
anglesttc,  gypsum,  cerussite  pseudomorphous  after  anglesite,  cerussite  after 
phosgenite,  smithsonite  after  calcite,  and  smithsonite  after  anglesite. 

T.  H.  P. 

1400.  Irrrt'crsible  Processes,  S.  H.  Burbury.  (Phil.  Mag.  49.  pp. 
475-486,  May,  1900.) — This  paper  discusses  mathematically  Boltzmann's  H 
theorem.  The  conclusion  is  drawn  that  the  H  theorem  does  not  prove  that, 
in  the  test  system  of  colliding  elastic  spheres,  the  diminution  of  H  is 
irreversible  in  the  same  sense  as  loss  of  kinetic  energy  by  friction.  The 
process  is,  however,  held  to  have  a  certain  physical  significance.         E.  H.  B. 

1401.  Fundamental  Theories  of  Pressure.  L.  Boltzmann.  (Ann.  d. 
Physik,  1.  4.  pp.  673-677,  April,  1900.) — Hertzian  mechanics  always  proceed 
from  a  definite  number  of  material  particles,  however  large,  and  never  from 
a  real  continuum.  By  indefinitely  increasing  the  number  of  particles,  making 
their  density  continuously  variable  from  point  to  point,  and  allowing  each 
point  to  retain  its  density  permanently,  a  well-defined  and  detailed  mental 
picture  of  the  whole  world  of  physical  phenomena  may  be  obtained.  The 
author  is,  however,  not  convinced  of  the  utility  of  such  a  detailed  conception. 
It  involves  the  introduction  of  some  arbitrary  hypotheses  which  may  at  any 
time  have  to  be  abandoned.  From  a  philosophical  point  of  view,  tlie  con- 
ception of  an  incompressible  fluid  or  a  rigid  impenetrable  body  has  no 
advantage  over  that  of  atoms  acting  at  a  distance.  The  former  is  derived  in 
an  equally  rough  manner  from  the  approximate  behaviour  of  liquid  and 
solid  bodies,  as  the  latter  from  that  of  the  heavenly  bodies.  E.  E.  F. 

1402.  Propagation  of  a  Solitary  Wa^'e.  R.  F.  G'wyther.  (Manchester 
Lit  &  Phil.  Soc.,  Mem.  44.  9.  pp.  1-12,  1900.)— The  writer  refers  to  tlie 
researches  of  Russell,  Rayleigh,  and  others  on  the  solitary  wave,  and  points 
out  that  the  complete  solution  is  difficult  owing  to  the  difficulty  of  satisfying 
the  surface  conditions  over  the  whole  wave.  It  is  necessary  to  approximate. 
The  general  method  adopted  is  to  find  a  solution  with  close  approximation  in 
some  parts  of  the  wave,  generally  the  outskirts,  and  then  to  find  the  degree  of 
approximation  attained  in  other  parts.  Two  terms  of  approximation  corre- 
sponding to  the  two  first  terms  of  a  series  are  worked  out  mathematically, 
and  the  results  compared  with  Russell's  experiments.  Stokes  has  suggested 
that  the  motion  is  not  one  capable  of  being  reduced  to  steady  motion,  liut 
that  a  gradual  reduction  of  the  altitude  of  the  wave  is  a  necessary  pciiV.  ol  Wv^ 
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phenomenon.  The  method  of  the  present  paper,  the  author  says,  is  not 
adapted  for  the  investigation  of  this  question.  S.  H.  B. 

1403.  Wave  Velocity  and  Group  Velocity.  H.  Lamb.  (Manchester  Lit.  & 
Phil.  Soc,  Mem.  44.  6.  pp.  1-5,  1900.)— It  was  observed  by  S.  Russell  that  a 
group  of  waves  has  less  velocity  of  propagation  than  the  individual  waves 
composing  it.  Rayleigh  has  shown  that  where  V,  the. velocity  of  the  indi- 
vidual wave  (Russell's  wave  velocity),  is  a  function  of  X  the  wave-length,  then 
U,  the  velocity  of  the  group,  is  given  by — 

a\ 

Hence  Lamb  deduces  the  geometrical  representation  :  If  X  be  abscissa  and 

V  ordinate,  and  we  draw  the  curve  V  =/(X),  U  is  the  intercept  of  the  tangent 
on  the  axis  of  V.  He  then  mentions  three  special  cases,  according  as  (1) 
gravity  alone  acts  and  V  varies  as  \/\  ;  or  (2)  capillarity  alone,  in  which  case 

V  varies  as  —r-  ;  or  (8)  both  gravity  and  capillarity,  in  which  case  V  varies  as 

-  +  - .    This  latter  case  is  discussed.  The  writer  also  refers  to  the  cases  of 
a      X 

4)  waves  of  flexure  travelling  along  an  elastic  rod  where  V  varies  as  -,  and 

(5)  waves  on  a  tense  string,  every  point  of  which  is  urged  towards  its  equi- 
librium position  with  a  force  varying  as  the  displacement,  in  which  V  varies 

as  v/a'  +  X».  S.  H.  B. 

1404.  Life  of  Matter.  C.  E.  Guillaume.  (Archives  des  Sciences,  9.  pp. 
138-146,  Feb.,  1900.) — The  author  specifies  certain  physical  processes  which 
have  close  analogies  in  physiology,  and  may  be  regarded,  in  fact,  as  consti- 
tuting an  elementary  form  of  life  in  the  biological  sense.  Among  the  pro- 
cesses so  specified  are  those  of  fatigue  and  those  of  adaptation  to  impressed 
forces.  An  instance  of  the  latter  is  the  hardening  of  a  metal  at  the  constric- 
tion which  appears  at  the  point  of  impending  rupture.  If,  before  rupture 
actually  takes  place,  the  bar  is  turned  to  a  uniform  diameter,  it  vnU,  if 
exposed  again  to  a  breaking  stress,  invariably  break  at  a  point  different  from 
that  at  which  rupture  was  about  to  take  place  before.  An  even  more  striking 
case  of  protective  modification  is  presented  by  the  grey  iodide  or  chloride  of 
silver  in  the  Becquerel  process  of  colour  photography.  The  silver  salt 
assumes  the  colour  of  the  light  which  impinges  upon  it,  and  thus  enables 
itself  to  reflect  it.  If  it  did  not  do  that  it  would  have  to  absorb  the  radiation, 
and  the  energy  so  absorbed  would  have  the  effect  of  reducing  the  silver  salt. 

1405.  spectrum  of  the  Corona.  J.  N.  Lockyer.  (Roy.  Soc.,  Proc.  M. 
pp.  189-192,  April  4,  1900.) — This  paper  contains  the  results  of  measurements 
of  the  wave-lengths  of  rings  due  to  the  corona,  obtained  from  five  of  the 
eight  plates  exposed  during  the  eclipse  of  January,  1898,  in  India.  The  nngs 
found  on  the  photographs  were  divided  into  three  groups,  determined  by  the .  i 
position-angles  in  which  they  showed  greatest  brightness.  The  typical  x 
examples  of  each  class  are,  X  5,808*7  (green),  X  8,987  (violet),  X  4,969*6  (bloe) 

A  drawing  is  given  showing  the  different  appearance  of  each  of  these  ring 

following  which  are  three  tables  giving  the  details  of  all  other  coronal  hm 

under  their  respective  types.    In  all  forty-five  lines  are  assigned  wave-length 
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The  question  as  to  the  presence  of  carbon  in  the  corona  is  still  unsettled, 
but  there  is  a  possible  trace  of  the  fluting  at  X  4,73618.  Minute  examination 
of  the  form  of  the  green  corona  ring  shows  that  it  is  more  intimately  associated 
with  the  inner  corona,  in  fact  it  appears  to  have  no  distinct  connection  with 
the  outlying  streamers.  The  outer  corona  gives  no  indications  of  bright  line 
spectra.  C.  P.  B. 

1406.  Circulation  in  the  Atmosphere.  V.  Bjerknes.  (Fhys.  Zeitschr.  i. 
pp.  215-217,  Feb.  10,  1900.  Report  read  before  the  71  Naturforschervcr- 
sammlung  in  Munich.  Full  paper  in  Meteorolog.  Zeitschr.,  March  &  April, 
1900,  pp.  97-106,  145-156.) — The  paper  is  based  upon  a  generalisation  of 
Kelvin's  circulation  of  a  curve.  If  a  series  of  material  points  of  a  continuous 
fluid  with  definite  velocities  form  a  closed  curve,  the  integral  of  the  tangential 
components  of  the  velocities  is  called  the  circulation  of  the  curve.  It  is  a 
constant  quantity  provided  the  density  of  the  fluid  be  simply  a  function  of 
the  pressure.  In  order  to  discuss  the  general  case  without  restriction  as  to 
density,  the  author  imagines  the  fluid  to  be  divided  by  surfaces  of  equal 
pressure.  These  isobaric  surfaces  will  be  closed  belts  all  round  the  earth  or 
cut  the  earth,  but  cannot  cut  one  another.  The  same  applies  to  isosteric 
surfaces  of  equal  specific  volume,  which  will  be  at  different  levels  owing  to 
local  differences  of  temperature.  The  intersections  between  the  two  systems 
of  surfaces  will  be  tubes,  which  he  designates  solenoids,  and  any  closed  curve 
will  enclose  a  definite  number  of  solenoids.  From  a  consideration  of  the 
nonnals  to  the  two  kinds  of  surfaces,  the  gradients  and  the  mobilities,  the 
author  derives  rules  concerning  rising  air  currents  in  warm  spots  and 
descending  currents  in  cold  spots,  showing  that  the  wind  must  blow  from 
the  cold  to  the  warm  district  on  the  surface  of  the  earth,  and  from  the  warm 
to  the  cold  districts  at  higher  levels.  In  this  way  he  accounts  for  trade 
winds,  land  and  sea  winds,  valley  and  mountain  currents,  monsoons,  and 
even  cyclones.  Friction,  rotation,  and  water  vapour  are  not  taken  into 
consideration.  H.  H. 

1407.  Thermodynamics  oj  the  Atmosphere,  W.  v.  Bezold.  (Preuss. 
Akad.  Wiss.  Berlin,  S.  ber.  20.  pp.  856-372,  April  19,  1900.)— The  author  dis- 
cusses the  decrease  in  the  atmospheric  temperature  with  the  altitude  as 
would  result  simply  from  vertical  air  currents,  and  makes  use  of  the  term 
•*  potential  temperature,"  i.r.,  the  temperature  which  a  body  assumes  when 
roiuced  to  normal  pressure,  adiabatically  or  pseudo-adiabatically.  Expansion 
ol  air,  saturated  with  humidity,  can  be  truly  adiabatic  only  when  any  con- 
densed water  remains  suspended  in  that  bulk  of  air  ;  otherwise  the  change  is 
pseudo-adiabatic.  The  difference  hardly  affects  the  formulae.  But  it  must 
be  considered  when  an  ascending  current  changes  into  a  descending  current, 
because  it  is  then  of  importance,  whether  or  not  the  moisture,  condensed 
during  the  rising,  is  still  carried  by  the  air.  Adiabatic  changes  of  humid  air 
do  not  alter  the  potential  temperature,  pseudo-adiabatic  changes  raise  it ;  the 
potential  temperature  increases  with  the  altitude.  At  high  altitudes  the  rate 
of  decrease  in  the  temperature  should  approach  1°  C.  per  100  m.  The  Berlin 
baOooo  observations  confirm  this  conclusion  :  between  7,000  and  8,000  ni, 
— A/ssO-TS" ;  between  8,000 and  9,000  m.,  —  A/  =  090°.  In  the  medium  and 
kmer  strata,  convection  currents  and  radiation  from  the  soil  complicate  the 
condilioiis  and  make  temperature  reversals  much  more  common  than  was 
Imnerlj  aissomed.  But  pseudo-adiabatic  expansion,  with  subse(\ucul  cow- 
raises  the  temperature  of  the  medium  strata  of  chief  cloud  lovuxa- 
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tion,  so  that,  eliminating  cases  of  reversal  observations,  the  temperature 
gradient  is  only  0*54°  between  1,000  and  4,000  m.,  whilst  it  is  0*61°  between 
0  and  1,000  m.,  and  064°  between  4,000  and  5,000  m.  Radiation  of  heat 
from  the  earth  is  the  chief  source  of  the  atmospheric  heat,  but  the  losses  by 
radiation  overcome  the  gain  so  far  as  the  relative  temperature  in  the  vertical 
is  concerned.  The  second  part  of  the  paper  deals  with  compound  convection 
currents,  cases  when  moist  air,  ascending  at  one  spot,  descends  to  another 
spot,  which  receives  the  benefit  of  the  heat  absorbed  for  evaporation  at  the 
starting-point.  Such  convection  currents  make  the  zones  bordering  upon 
the  belt  of  calms  warmer,  and  their  effect  upon  the  climates  of  various  lati- 
tudes is  discussed  with  regard,  not  to  equal  differences  of  latitude,  as  is  often 
done,  but  to  zones  of  equal  area.  H.  B. 

1408.  Propagation  of  Earthquake  Motion.  R.  D.  Oldham.  (Roy.  Soc, 
Phil.  Trans.  194.  pp.  135-174,  March  29,  1900  ;  Roy.  Soc,  Proc.  66.  pp.  2-3, 
Feb.,  1900.) — From  the  examination  of  some  earthquake  observations  which 
are  considered  specially  reliable,  the  author  comes  to  the  general  conclusion 
"  that  in  the  complete  record  of  a  distant  earthquake  three  distinct  types  of 
wave  motion  can  be  recognised — (1)  condensational ;  and  (2)  distortional 
plane  waves,  travelling  by  brachistochronic  paths  through  the  earth  ;  and  (8) 
elastic,  or  gravitational  elastic,  surface  waves,  travelling  round  the  surface  of 
the  earth.  The  records  are,  however,  often  incomplete  by  the  omission  of 
the  first,  or  the  first  and  second,  of  these  phases  ;  and  the  widely  divergent 
estimates  of  the  apparent  rate  of  propagation  of  the  preliminary  tremors  are 
largely  due  to  this.''  A.  G. 

REFERENCES. 

1409.  Compensation  of  Relative  Gravitational  Results.  A.  Venturi.  (N. 
Cimento,  11.  pp.  33-46,  Jan.,  1900.) — The  paper  is  a  mathematical  analysis  of  the 
probable  errors  involved  in  the  use  of  a  Stenieck's  apparatus  (possessing  four  pen- 
dulums) for  the  determination  of  the  relative  values  of  the  accelerations  due  to 
gravity.  A.  G. 

1410.  Stellar  Radial  Velocities.  H.  C.  Vogel.  (Preuss.  Akad.  Wiss.  Berlin, 
S.bcr.  20.  pp.  373-390,  April  19,  1900.)— This  paper  consists  of  a  review  of  the 
progress  made  in  the  spectroscopic  determination  of  stellar  velocities  in  the  line  of 
sight  during  the  last  ten  years.  C.  P.  B, 
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1411.  Propagation  of  Light  througtt  Absorptive  Media.  Sagnac.  (Soc. 
Fran^.  Phys.,  Bull.  141.  pp.  3-4,  Jan.  5,  1900.) — The  author  shows  how  his 
kinematic  explanation  of  the  transmission  of  light  through  matter  [see  Abstract 
No.  48  (1900)]  may  be  applied  to  the  case  of  anomalous  dispersion.  Account 
must  be  taken  of  the  changes  of  phase  which  accompany  the  reflection  of 
vibrations  at  absorbing  particles  which  resemble  resonators.  The  case 
of  Hertzian  resonators  shows  that  the  taking  in  of  energy  by  emission  or  by 
transformation  into  heat  has  two  principal  effects  : 

(1)  To  each  one  of  the  resonators'  own  periods  9o  corresponds  a  band  of 
absorption  more  marked  in  proportion,  as  the  damping  of  its  own  vibrations 
due  to  the  external  borrowing  of  energ>'  is  more  considerable. 

(2)  The  forced  vibrations  of  the  resonant  system  experience  an  acceleration 
of  phase  when  their  period  9  is  less  than  9o,  a  retardation  when  9  is  superior 
to  ©o»  a  change  of  phase  of  a  quarter  of  a  period  when  9  has  the  value  9^. 

Hence  there  results  that  on  the  violet  side  of  the  absorption  band  there  is 
an  acceleration  of  the  phase  of  the  vibrations  reflected  by  the  surface  of  the 
absorbing  body,  and  a  diminution  of  the  index  of  refraction  ;  on  the  red  side 
of  the  absorption  band  a  retardation  of  phase  by  reflection  occurs,  and  an 
increase  of  the  index  of  refraction. 

For  ^  =  ^o  the  changes  of  phase  introduced  by  absorption  cancel  each 
other  sensibly  for  transmitted  vibrations,  but  the  change  of  phase  of  a  quarter 
of  a  period  affects  the  reflection  at  the  absorbing  body.  This  last  phenomenon, 
especially  frequent  in  the  case  of  the  metals  over  the  extent  of  the  visible 
spectrum  does  not  occur  in  the  reflection  of  Hertzian  vibrations  at  a  mirror  of 
dimensions  much  greater  than  the  wave-length,  because  the  material  particles 
arc  not  resonant,  and  electric  induction  comes  into  play  in  the  surface  portion 
of  the  mass  as  a  whole,  and  brings  into  action  the  electric  conductivity  ;  on 
the  contrary,  for  visible  luminous  vibrations,  and  for  metals  such  as  silver,  it 
seems  permissible  to  neglect  the  phenomenon  of  electric  induction  throughout 
the  extent  of  the  superficial  layers.  J-  J-  S. 

1412.  Determination  of  Refractive  Index.  E.  Cominotto.  (Rivista  Sci.- 
Indostriale,  32.  pp.  49-50,  March  10,  1900.) — A  simple  method  of  determining 
the  refractive  index  of  a  liquid  is  the  following  :  It  is  enclosed  in  a  spherical 
glass  vessel  exposed  to  solar  or  other  parallel  rays.  The  distance  /  of  the 
focus  from  the  centre  of  the  sphere  is  measured,  as  well  as  the  radius  r  of 
the  sphere.    Then  the  refractive  index  of  the  substance  is — 

11  =  27/(2/-/'). 

The  author  deduces  this  simple  rule  from  Gauss's  theory  of  thick  lenses,  and 
verifies  it  experimentally.  The  method  also  applies  to  solids  obtainable  in 
the  form  of  spheres.  E.  E.  F. 

1413.  Refractive  Indices  of  Solutions.  III.  C.  Bender.  (Ann.  d.  Physik,  2. 1. 
pp.  186-196,  May,  1900.  [See  Abstracts  Nos.  1471  (1899)  and  35  (1900).]— 
TTiis  part  of  the  work  deals  with  the  refractive  index  of  KCl  solutions  as 
dependeat  upon  concentration  and  temperature.    The  spectrum  V\u^^  sV\\^\^^ 
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were  the  three  lines  at  H.  For  ^  =  1,  or  74-58  gr.  in  1  litre  at  15°,  the  formula 
for  Ha  is,  between  10°  and  40°, 

Ha  =  1-3422598  —  000026695  (Q  —  0 000080227  (£\  * 

As  regards  the  dependence  of  n  upon  the  concentration  fi,  we  have  the 
formula  tor  Ha, 

n  =  (water)  +  0.0096895 fi  -  000025820 /* » 

for  15°  to  70°,  and  /i  =  0  to  8. 

The  molecular  refraction  of  KCl  is  calculated  from  the  formula — 

A* 

where  q  is  the  weight  of  the  solvent  in  grammes,  m  the  molecular  weight  of 
the  solute  (for  KCl  74*58),  fi  the  number  of  gramme-molecules  in  solution, 
Q  the  weight  of  the  unit  of  volume  in  grammes,  r  the  "  refraction  constant  *' 
of  the  solution,  p  that  of  the  solvent,  and  R  that  of  the  solute.  This 
"refraction  constant"  may  be  any  one  of  the  following: — 

n  — 1        n»  — 1         w>  — 1  «»  — 1 

or 


d  d  (n»  +  1)  rf  («» +  2)  rf 

Taking  the  last  of  these,  the  molecular  refraction  of  KCl  comes  out  at  about 
11-5.  It  increases  at  first  slightly  with  the  concentration,  and  then  decreases 
again.  The  refractive  index  of  solid  KCl  for  Ha  at  15°  C.  should  be  1-6176, 
as  derived  from  the  values  for  /i  =  1.  Similarly,  the  atomic  refraction  of 
potassium  is  9-60,  and  its  refractive  index  1-2187.  E.  E.  F. 

1414.  Obliquely-Crossed  Cylindrical    Lenses.    S.   P.   Thompson.    (Phil. 
Mag.  49.  pp.  316-324,  March,  1900.) — This  paper  consists  of  an  attempt  to 
arrive  at  easier  rules  for  obliquely-crossed  cylindrical  lenses.    Sometimes 
ophthalmic  surgeons  prescribe  (for  the  correction  of  astigmatism)  a  lens  with 
two  cylindrical  curvatures  on  the  respective  faces  of  the  lens,  not  crossed  at 
right  angles  but  at  some  oblique  angle.    As  such  lenses  are  difficult  of  manu- 
facture, and  as  their  optical  effect  can  be  precisely  reproduced  by  a  suitably 
calculated  and  more  readily  ground   sphero-cylindrical  lens,  the  optician 
desires  to  have  simple  rules  for  calculating  the  equivalent  sphero-cylinder. 
The  author  discusses  this  problem,  which  is  that  of  finding  the  combination 
consisting  of  one  thin  cylindrical  lens  and  one  spherical  lens,  which  will  be      - 
the  optical  equivalent  of   a  system  made  up  of   two  thin  cylindrical  lenses 
placed  in  contact  behind   one   another,  with  their  axes  making  with  each 
other  a   certain  angle.     He  finds  that  two  given  cylindrical  components 
A  and  B  may  be  compounded  to  find  their  cylindrical  resultant  C  by  means 
of  a  parallelogram  in  which,  however,  the  angle  between  A  and  B  is  drawn      * 
as  double  the  actual  angle  between  the  axes  of  the  two  given  components.     " 
Hence  follows  a  simple  graphic  construction  for  obtaining  the  required 
solution  of  the  problem,  so  far  as  the  cylindrical  part  of  the  desired  equivalent     \ 
combination  is  concerned.    The  author  next  considers  the  method  of  obtain*     ^ 
ing  the  corresponding  expression  for  the  power  D  of  the  spherical  part  of  the     j 
equivalent  combination,  which  is  found  to  be — 

p^A-hB-C 
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The  results  obtained  are  stated  in  three  working  formulae  as  follow  : — 

C  =  A»+  B»  +  2ABcos2«  (1) 

Sin  2^  =  ^  sin  29  (2) 

D  =  ^-+«-^  (3) 

Where  B  =  the  angle  between  the  axes,  On  and  Oft,  of  the  two  given 
cylindrical  lenses  having  powers  A  dioptrics  and  B  diopbics  respectively ; 
^  =  the  angle  between  the  axis  Oa  and  any  line  Oc  drawn  through  O  along 
which  are  taken  the  cylindrical  components  of  the  two  given  cylindrical 
lenses  A  and  B.  J.  J.  S. 

1416.  Camera  Lucida.  A.  Lafay.  (Comptes  Rendus,  130.  pp.  1122-1128, 
April  23,  1900.) — The  camera  lucida  designed  by  Govi  consists  of  two 
rectangular  prisms  forming,  when  combined,  a  cube.  One  of  the  faces  which 
touch  each  other  is  covered  by  a  very  fine  layer  of  platinum,  gold,  or  silver, 
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which  is  semi-transparent,  and,  in  addition,  a  layer  of  Canada  balsam  is 
inserted  between  the  two  faces.  Besides  its  original  application,  the  author 
has  used  this  apparatus  for  refractometric  experiments,  in  a  manner  which  is 
sufficiently  indicated  by  the  annexed  diagrams.  E.  E.  F. 

1416.  Photometry  of  Black  Bodies.  H.  Wanner.  (Ann.  d.  Physik,  2.  1. 
pp.  141-157,  May,  1900.)— The  author  tests  the  validity  of  the  Wien- Planck 
radiation  formula, 

with  the  aid  of  a  Konig  spectrum  photometer,  between  the  temperatures  of 
990P  (absolute)  and  1,570°,  and  the  wave-lengths  0-6678 /x  and  0*4861 /t.  The 
sources  of  radiation  were  an  electrically  glowing  platinum  strip  in  the  middle 
of  a  reflecting  hollow  sphere,  a  large  porcelain  vessel,  and  a  small  platinum 
crucible.  The  above  formula  was  confirmed  throughout  the  region  specified. 
The  logarithm  of  the  photometric  intensity  was  found  to  be  a  linear  function 
of  the  reciprocal  of  the  absolute  temperature,  and  the  constant  c,  was  found 
to  have  the  value  14509.  The  formula  places  at  our  disposal  a  simple  and 
accurate  method  of  determining  the  highest  temperatures,  as  well  as  the 
"apparent  temperatures"  of  the  stars.  Experiments  with  zirconia  show 
that  its  brightest  radiation  is  of  the  "black"  type.  [See  also  Abstract 
Xo.  1188  (1899).]  E.  E.  F. 

1417.  Kirchhoffs  Law  and  Electrically  Glowing  Gases.  E.  Pringsheim. 
(Ann-  d.  Physik,  2. 1.  pp.  199-200,  May,  1900.)— M.  Cantor  recently  [see  Abstract 
No.  1012  (1900)]  described  an  experiment  which  went  to  show  that  ttve  gLov^m^ 
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same  absorptions  in  such  different  compounds  as  chloride,  nitrate,  and  sul- 
phate, and  it  is  more  probable  that  the  common  absorptions  are  due  to 
common  products  of  decomposition.  These  might  be  the  metallic  ions,  but 
the  facts  that  neither  dilution  nor  rise  of  temperature  increases  the  intensity, 
and  that  acidifying  does  not  weaken  the  intensity  of  the  common  absorptions, 
are  against  that  supposition.  lonisation  implies  an  electrification  of  the  ions, 
which  again  implies  a  communication  of  energ>'  to  the  field,  which  may 
probably  depend  on  the  circumstances  of  the  encounter  when  the  molecule 
of  salt  is  broken  up,  and  so  some  molecules  may  be  broken  up  without  being 
charged  ;  while  there  is  no  reason  to  suppose  that  the  absorption  by  a  mole- 
cule would  be  altered  by  its  being  charged  with  electricity.  The  absorptions 
which  are  intensified  by  concentration  and  also  by  heat  must  be  ascribed  to 
the  condition  of  the  molecules  during  encounters,  which  will  be  more  frequent 
in  more  concentrated  as  well  as  in  hotter  solutions.  The  expansion  of  certain 
bands  with  increased  concentration  by  the  nitrate  must  be  ascribed  to 
encounters  of  molecules  derived  from  the  metal  with  those  derived  from  the 
acid,  which  are  much  more  massive  than  the  molecules  of  water  and  also  than 
those  derived  from  the  chloride.  During  sucii  encounters  the  absorbent 
molecules  will  be,  as  it  were,  loaded  by  the  influence  of  the  other  molecules. 
This  view^  seems  confirmed  by  the  influence  which  other  solvents  and  other 
acids  have  on  the  absorptions.  Didymium  chloride  in  alcohol  gives  the 
same  bands  as  the  aqueous  solution,  but  generally  more  diffuse  and  more  or 
less  shifted  a  little  towards  the  red.  The  same  solution  acidified  with  hydro- 
chloric acid  exaggerates  greatly  these  modifications,  almost  washing  out  the 
more  refrangible  bands  and  breaking  up  the  very  strong  band  in  the  yellow 
into  several  separate  bands.  Glycerol  as  solvent  gives  modifications  similar 
to,  but  more  strongly  marked  than  those  of  alcohol.  The  acetate  in  acetic 
acid  and  the  maleate  in  water  gives  similar  but  much  less  marked  modifica- 
tions. The  tartrate  and  the  citrate  in  ammoniacal  solution  also  give  similar 
modifications.  The  borate  in  solid  glass  of  borax  also  gives  bands  which  arc 
unmistakably  modifications  of  those  produced  by  the  aqueous  solution.  All 
these  modifications  seem  to  be  of  the  same  character,  though  of  greater 
intensity,  than  the  differences  between  the  bands  given  by  nitrate  and 
chloride,  and  may  be  attributed  to  the  influence  of  the  comparatively 
complicated  influences  of  the  various  molecules  during  the  times  of  encounter. 
In  such  cases  as  the  acid  alcoholic  solutions  there  will  certainly  be  at  least 
four  chemical  compounds  mixed  in  the  solvent,  which  may  well  produce  a 
complicated  modification  of  the  bands  without  destroving  their  identity." 

E.  K.  F. 

1421.  Spedra  of  Canal  ami  Kathode  Rays.  A.  Wiillner.  (Phys.  Zeitschr. 
1.  p.  182 ;  Discussion,  pp.  133-184,  1899.  Report  read  before  the  Natur- 
fcwschcrversammlung  in  Munich.) — The  author  takes  special  care  to  separate 
the  light  proceeding  from  kathode  rays,  canal  rays,  and  positive  column.  He 
finds  that,  whatever  the  material  of  the  electrodes,  the  spectra  observed  simply 
depend  upon  the  gas  in  the  tube,  but  they  bear  a  different  character  according 
to  the  rays  from  which  they  proceed.  Thus  the  oxygen  spectrum  shows  the 
bands  in  the  case  of  the  kathode  rays  and  the  lines  in  the  case  of  the  canal  rays. 

In  the  discussion  following  the  reading  of  the  paper,  Goldstein  and 
Ebert  corroborated  the  predominant  influence  of  the  gas.  The  former 
ei^essed  an  opinion  that  the  canal  rays  have  a  decomposing  action,  which 
acocNUits  for  the  appearance  of  the  hydrogen  lines  alone  in  the  spectrum  of 
edqrtene  and  other  hydro-carbons.  ¥..  Y..  V . 
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1422.  Electric  Charge  of  Secondary  Ronigen  Rays.  P.  Curie  and  G. 
Sagnac.  (Comptes  Rendus,  180.  pp.  1018-1016,  April  9,  1900.)— The  authors 
have  tested  whether  Rontgen  rays,  and  the  secondary  ra5rs  which  proceed 
from  bodies  they  impinge  upon,  carry  with  them  an  electric  charge.  They 
found  that  the  charge  conveyed  by  Rontgen  rays,  if  any,  is  inappreciable,  but 
that  the  secondary  rays,  like  kathode  and  Becquerel  rays,  convey  a  negative 
electric  charge.  The  apparatus  used  to  prove  this  is  shown  in  the  diagram, 
where  M  is  a  thin  sheet  of  metal  connected  with  an  electrometer,  and  enclosed 
in  a  box  A  B  C  D  of  a  different  metal  N,  having  windows  f,  f  towards  the 
Rontgen  tube  R  covered  with  thin  sheets  of  the  metal  N.  To  prevent  absorp- 
tion of  the  secondary  rays  by  air,  the  box  A  B  C  D  is  exhausted.  Under  the 
influence  of  the  X-rays  the  combination  of  the  metals  M  and  N  acts  like  an 
electric  battery  whose  E.M.F.  produces  a  deflection  of  the  electrometer.  By 
Curie's  method  of  opposing  a  piezo-electric  E.M.F.  derived  from  a  piece  of 
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quartz  it  is  possible  to  measure  the  electric  current  necessary  to  maintain  the 
electrometer  at  zero.  If,  under  these  circumstances,  the  apparatus  is  exhausted, 
the  equilibrium  of  the  electrometer  is  maintained  at  first  by  the  same  compen- 
sating E.M.F.  until  the  pressure  falls  to  about  1  mm.  The  compensating 
E.M.F.  then  rapidly  increases,  soon  surpasses  1  volt,  and  grows  until  a 
Crookes  vacuum  is  approached.  A  steady  current  sets  in,  which  becomes 
constant  at  a  certain  high  exhaustion.  When  the  metals  are  lead  for  N  and 
platinum  for  M  the  compensating  E.M.F.  is  about  20  volts,  though  1  volt 
suffices  at  atmospheric  pressure.  The  authors  discard  the  explanation  based 
upon  an  increased  contact  electrification  in  a  vacuum.  Both  metals  emit 
negative  and  accumulate  positive  electricity,  but  platinum  is  the  more  active, 
and  hence  it  charges  itself  positively  with  respect  to  the  aluminium.  The 
emission  of  negative  electricity  is  in  direct  proportion  to  the  emission  of 
secondary  Rontgen  rays.  E.  E.  F. 


1423.  Motions  Produced  by  Rontgen  Rays.  L.  Graetz.  (Ann.  d.  Phy^k, 
1.  4.  pp.  648-654,  April,  1900.)— It  is  not  certain  that  the  rotations  produced 
in  vacuum  tubes  under  the  action  of  kathode  rays  is  directly  due  to  the  impact 
of  projected  particles.  The  rotations  appear  at  low  pressures  long  before 
there  is  any  appearance  of  kathode  rays,  and  they  cease  at  exhaustions  at 
which  .these  rays  are  still  present  in  full  strength.  Another  argument  may 
be  based  upon  the  author's  discovery  that  light  bodies  made  of  dielectrics 
exhibit  under  suitable  conditions  rapid  rotations  when  exposed  to  Rontgen 
ravs.  Radiometers  do  not  rotate,  but  even  experience  a  retarding  action, 
'Jy  due  to  the  electrostatic  forces  developed  by  the  ionisation  of  the 
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air.  The  author  introduces  small  spheres,  bells,  and  vanes  mounted  on  needle- 
points into  an  electric  field  traversed  by  Rontgen  rays.  They  begin  to  rotate 
as  soon  as  the  radiation  strikes  them,  and  continue  to  rotate  while  the  rays 
continue.  The  direction  of  rotation  depends  upon  the  initial  tendency,  at 
least  in  the  case  of  non-conductors.  When  a  pair  of  copper  vanes  are  sub- 
stituted, the  direction  of  rotation  changes  with  the  direction  of  the  rays  if  the 
axis  of  rotation  is  normal  to  the  path  of  the  rays.  This  is  easily  explained  by 
the  forces  acting  between  the  negatively  charged  wall  of  the  Rontgen  tube 
and  the  vanes  immersed  in  the  ionised  gas  between  the  condenser  plates. 
The  latter  may  even  be  dispensed  with,  and  so  the  original  conditions  of 
Crookes'  rotations  are  approximated  to.  The  rotations  are  strictly  analogous 
to  those  described  by  Quincke  in  the  case  of  liquids,  and  are  covered  by 
Heydweiller's  theory.  E.  E.  F. 

1424.  Radiographic  StereomeUr.  T.  Marie  and  H.  Ribaut.  (Comptes 
Rendus,  180.  pp.  748-750,  March  12,  1900.) — An  improved  stcreometer  is 
described  by  means  of  which  the  distance  of  the  object  studied  can  be 
found,  not  only  with  regard  to  a  horizontal  plane  (that  of  the  sensitive 
plate),  but  also  as  regards  two  vertical  planes  at  right  angles  to  each  other. 
The  stereometer  consists  of  the  apparatus  previously  described  (March  22, 
1807),  but  mounted  in  a  frame  which  only  permits  of  displacement  in  a  certain 
horizontal  line.  This  again  is  mounted  in  another  frame  which  only  permits 
of  motion  in  a  line  normal  to  the  other  line,  and  also  horizontal.  Knowing 
the  two  displacements  and  the  height  of  the  object,  as  well  as  the  height  of 
the  focus  tube  above  the  sensitive  plate,  the  position  of  the  object  is  calculated 
in  Cartesian  co-ordinates  by  simple  formulae.  The  apparatus  is  simple  in 
construction  and  application,  and  its  accuracy  is  far  in  excess  of  medical 
requirements.  E.  E.  F. 

1426.  E.PabsfsAnfikathode  for  Rontgen  Tubes.  F.  Kurlbaum.  (Elektrc- 
techn.  Zcitschr.  21.  p.  287,  March  22,  1900.) — This  is  an  antikathode  covered 
clectrolytically  with  platinum  black.  The  coating  of  platinum  black  enor- 
mously increases  the  heat-emissivity  of  the  antikathode,  thereby  enabling 
it  to  be  subjected  to  a  much  greater  degree  of  kathodic  bombardment  before 
it  becomes  red-hot,  with  the  result  that  the  intensity  of  the  Rontgen  rays 
obtainable  from  it  are  very  largely  increased.  If  the  antikathode  does  happen 
to  get  incandescent  the  platinum  black  becomes  converted  into  platinum  grey, 
but  even  platinum  grey  has  four  times  the  heat-emissivity  of  polished  platinum. 
The  object,  of  course,  is  the  same  as  that  to  attain  which  the  water-cooled 
antikathodes  have  been  introduced,  and  is  much  less  cumbersome  and  much 
easier  to  construct.  R.  N.  L. 

1426.  Radium  Rays,  E.  Dorn.  (Comptes  Rendus,  130.  p.  1126,  April  23, 
1900.) — ^The  author  claims  priority  over  Becquerel  in  the  discovery  of  the 
electrostatic  deviation  of  radio-active  barium  bromide.  He  also  mentions 
another  interesting  discovery.  Lenard  had  found  that  the  action  of  kathode 
rays  upon  a  fluorescent  screen  is  reduced  or  increased  by  the  action  of  an 
electrostatic  field,  accordingly  as  the  lines  of  force  have  the  same  direction 
as  the  rays  or  the  opposite  direction,  The  same  phenomenon  is  shown  by 
the  rays  of  radio-active  barium.  E.  E.  F. 

1427.  New  Radio-active  Substance.    A.  Debierne.    (Comptes  Rewdus, 
lao.  pp.  906-006,  April  2,  1900.)— By  treating  pitch-blende  \vU\\  lV\e  Te2i^<£tvV% 
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used  for  the  extraction  of  metals  of  the  iron  group,  and  more  especially  of 
titanium  and  thorium,  the  author  has  succeeded  in  discovering  a  new  radio- 
active substance  which  has  the  general  characteristics  of  thorium  but  does 
not  follow  that  metal  through  all  its  reactions.  If  a  barium  or  bismuth  salt  is 
added  to  a  solution-  of  the  new  substance  the  salt  added  may  be  eliminated 
by  means  of  ammonia  or  hydrogen  disulphide  without  thereby  eliminating 
the  radio-activit}\  This  proves  that  the  latter  is  not  due  to  either  radium  or 
polonium.  The  author  calls  the  new  substance  "actinium."  It  produces  the 
same  phenomena  of  fluorescence,  photographic  action,  and  ionisation  as 
radium  and  polonium.  The  author  supposes  that  the  new  substance  is  the 
active  principle  of  thorium  radiation.  E.  E.  F. 
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1428.  Spectra  of  Oscillating  Discharges.  G.  A.  Hemsalech.  (Journ.  de 
Physique,  8.  pp.  652-660,  1899.) — The  author  has  continued  the  work  commenced 
by  Schuster  and  Hemsalech,  and  in  the  present  article  gives  the  results  of  his  studies 
of  the  spectra  of  aluminium,  bismuth,  copper,  cadmium,  zinc,  lead,  iron,  cobalt, 
hydrogen,  oxygen,  and  saline  solutions.  Photographic  comparisons  of  the  ordinary 
and  self-induction  spark  spectra  are  included  in  the  present  article.  (See  also  1899. 
Abstracts  Nos.  1377  and  1860.)  C.  P.  B. 

1429.  Echelon  Spectroscope.  A.  A.  Michelson.  (Amer.  Acad.,  Proc.  35.  pp. 
111-119,  1899.) — This  appears  to  be  the  author's  standard  communication  of  his 
work  to  the  American  Society,  but  is  practically  identical  with  previous  papers 
already  referred  to  in  Abstracts  Nos.  1118  (1898)  and  1678  (1899).  C.  P.  B. 
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1430.  Xew  Interpretation  of  Michelson^Spectrntn  Work.  E.  Carvallo.  (Comptcs 
Rendus,  130.  pp.  496-499,  Feb.  19.  1900.)  —This  is  an  application  of  the  theory  of 
damped  vibrations  to  explain  the  phenomena  observed  by  Michelson  with  the  inter- 
ferential micrometer,  from  which  he  deduced  the  multiple  character  of  radiations 
from  their  visibility  curves.  C.  P.  B. 

1431.  Magnetic  Perturbations  of  the  Spectral  Lines.  T.  Preston.  (Roy.  Dublin 
Soc,  Trans.  7.  pp.  7-22,  1899.) — The  substance  of  this  paper  has  been  published  in 
the  Phil.  Mag.  (vol.  47.  p.  165,  1899.  See  also  Abstract  No.  1000,  1899),  but  appears 
here  in  a  complete  form.  From  the  work  carried  out  by  the  author  it  appears  that 
the  observation  of  the  radiating  phenomena  in  the  magnetic  field  is  likely  to  afford 
a  valuable  means  of  inquiry  into  the  so  far  hidden  nature  of  the  events  which  bring 
about  the  radiation  from  a  luminous  bcxly,  and  also  to  give  us,  perhaps,  some  clearer 
insight  into  the  structure  of  matter  itself. 

[For  notices  of  earlier  work  by  the  same  author  on  this  subject,  see  Abstracts 
Nos.  755  and  1032  (1898),  and  477  (1900)].  J.  J.  S. 

1432.  Dispersion  of  Light  in  the  Electromagnetic  Theory,  A.  Antonelli.  (N. 
Cimento,  10.  pp.  372-379,  1899.)-  .\  mathematical  paper,  working  out  the  results  ol 
considering  molecules,  apart  from  one  another  in  the  ether,  as  minute  Hertzian 
resonators.     It  does  not  lend  itself  to  abstracting.  A.  D. 


1433.  Photography  by  Rihttgen  Rays.    T.  Guilloz.    (Comptcs  Rendus,  130.  pp.  J 

355-357,   Feb.  5,  1900.) — Discussion   of  ilifiliculties   in   clinical  radiographic  work»  j 

arising  from  the  production  of  secondary  rays  by  surrounding  objects,  including  the  j 
body  of  the  operator,  and  by  the  body  of  the  patient.                                               A.  D* 
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1434.  Law  of  Atomic  Heat,    S.  Meyer.    (Ann.  d.  Physik,  2.  1.  pp.  135- 
140,  May,  IMO.) — In  comparing  the  atomic  and  molecular  volumes  with  the 
atomic  and  molecular  magnetisms  of  elements  and  compounds  it  has  been 
shown  that  a  contraction  of  volume  attending  the  formation  of  compounds 
leads  to  an  increased  magnetic  susceptibility,  and  an  expansion  leads  to  a 
decrease.    The  author  has  established  a  similar  relation  for  atomic  and 
molecular  specific  heats.     According    to   Richarz  a  small    atomic  weight 
combined  with  a  small  atomic  volume  foreshadows  a  deviation  from  Dulong 
and  Petit's  law.    During  combination  the  masses  are  added,  but  the  volume 
may  be  greater  or  smaller  than   the  sum  of   the  atomic  volumes.    In  the 
case  of  contraction  deviations  from  the  additive  law  of  Joule,  Kopp,  and 
Neumann  are  to  be  expected,  a  greater  dependence  upon  the  temperature 
coming  into  play.    Also  the  molecular  heat  comes  out  smaller  than  the 
sum  of  the  atomic  heats  at  the  same  temperature.     In  the  case  of  expansion 
the  opposite  might  occur.    The  greater  dependence  upon  the  temperature 
can  hardly  be  proved  as  yet,  but  comparisons  at  the  same  temperature  go  to 
confirm  the  suppositions  stated.    Thus  the  following  substances  show  a  strong 
concentration  and  also  a  distinct  decrease  in   the  molecular  heat :   SbjSa, 
FeSj,  MnS,  PbBrt,  KBr.    On  the  other  hand,  Cufl»,  and  Agl  show  an  expan- 
sion and  an  increase  of  molecular  heat.     SnSj,  which  contracts,  shows  an 
irregular  behaviour.    Assuming  the  atomic  heat  of  oxygen  to  be  49,  the 
author  shows  that  the  same  rules  hold  good  for  a  large  number  of  oxides, 
some  of  which  contract,  while  others  expand  on  formation.    The  only  excep- 
tions so  far  are  BtOa  and  BijOs.  E.  E.  F. 

1435.  Liquid  Mixtures  of  Constant  Boiling-point.  G.  Ryland.  (Chem. 
News,  81.  pp.  1&-16,  Jan.  12 ;  42-43,  Jan.  26  ;  and  50-51,  Feb.  2.  1900.  PYom 
the  American  Chemical  Journal,  vol.  22,  Nov.,  1899.) — The  author  examined 
eighty  binary  mixtures  of  liquids  mutually  soluble  in  all  proportions,  and  two 
mixtures  of  liquids  whose  mutual  solubilities  are  limited.  He  found  that  forty- 
five  of  the  former  give  distillates  which  boil  at  a  constant  temperature,  the 
ratio  of  the  components  in  the  distillate  then  being  nearly  that  of  the  products 
of  the  vapour  densities  and  vapour  pressures  of  the  pure  liquids  at  that  tem- 
perature ;  that  both  of  the  latter  mixtures  form  distillates  with  the  Hke 
property  so  long  as  there  are  two  layers  of  liquids  in  the  distilling  flask  ; 
that  these  distillates  are,  however,  not  true  chemical  compounds.  A  his- 
torical sketch  of  the  work  previously  done  in  this  regard  is  given,  and  the 
author's  arrangement  for  distillation  under  reduced  pressure  is  described,  as 
well  as,  in  fuller  detail,  his  work  on  mixtures  of  methyl  alcohol  and  of  ethyl 
alcohol  with  benzene.  R.  E.  B. 

1436.  Cooling  of  Saturated  Steam  by  Free  Expansion.  J.  H.  Grindley. 
(Roy.  Soc.,  Phil.  Trans.  194.  pp.  1-36,  Feb.  19,  1900.)— In  a  paper  on  the 
Dryness  of  Saturated  Steam  and  the  Condition  of  Steam  Gas,  read  before 
the  Manchester  Literary  and  Philosophical  Society  on  November  3,  1896, 
Osborne  Reynolds  describes  a  method  of  experimenting  in  which  it  \s  sow^\\. 
to  delcnnine  whether  by  sufficient  withdrawing  of  saturated  bleativ  ;i\.  a.  Vxvo>n\\ 
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1437.  Specific  Heat  of  Gases,  E.  Meyer.  (Phys.  Zeitschr.  1.  pp.  146-147, 
1B99.  Report  read  before  the  Naturforscherversammlung  in  Munich.) — The 
ratio  of  the  indicated  work  done  in  the  cycle  of  a  certain  gas  engine  to  the 
theoretical  maximum  was  found  to  be  0870  or  0*653,  according  as  in  the 
calculation  of  the  latter  the  specific  heats  of  the  gases  were  taken  to  alter 
with  the  temperature  according  to  Mallard  and  Le  Chatelier's  law  or  to  be 
constant.  The  losses  of  work  due  to  delayed  ignition  and  to  premature  out- 
flow can,  however,  be  directly  estimated  from  the  indicator  card,  and  on  the 
assumption  of  the  former  figure  leave  too  small  a  proportion  of  the  loss  as 
that  due  to  conduction,  &c. ;  calculation,  too,  on  either  assumption  of  the 
proportion  of  loss  during  the  expansion  by  reason  both  of  cooling  and  of 
imperfect  combustion  gives  results  that  are  incompatible  with  the  final  state 
of  the  gases  as  determined  by  chemical  analysis,  so  that  the  dependence  of 
the  specific  heat  on  pressure,  as  found  by  Lussana,  seems  to  be  real. 

R.  £.  B. 

1438.  Law  of  Velocity 'Distribution  in  a  Gas.  N.  D.  C.  Hodges.  (Phys. 
Rev.  10.  p.  258,  April,  1900.) — It  is  assumed  that  the  molecules  in  an  enclosed 
space  form  a  conservative  system  to  which  the  principle  of  least  action 
applies ;  that  in  moving  from  one  given  point  to  another  a  given  molecule 
will,  if  the  time  is  large  enough,  come  into  contact  with  as  many  molecules 
as  there  are  in  the  space,  and  that  it  will,  if  the  space  is  large  enough,  pass 
through  all  possible  velocities  and  through  each  velocity  in  proportion  to  the 
frequency  of  that  velocity  among  the  molecules.  Maxwell's  law  is  then  easily 
deduced  by  taking  an  expression  of  the  form  AN/o*c'^(c)^c  to  represent  the 
least  action.  [But  this  expression  does  not  follow  without  even  further 
assumptions  than  the  above.]  R.  E.  B. 

1439.  Characteristic  Equation  oj  a  Fluid.  Moulin.  (Soc.  Fran^.  Phys., 
Bull  148.  pp.  9-10,  May  4,  1900.)— The  author  has  verified  to  a  great  extent 
his  characteristic  equation  for  any  fluid,  which  is  as  follows  : — 

Rl  ry 

.  RT      b\  w  ,  «3 

where  p^  r,  T  and  R  have  the  usual  meaning,  b\  and   Ri  are  absolute  con- 
stants independent  of  the  substance,  and  w  and  le'i  are,  for  each  substance 
functions  of  the  temperature  related  to  the  same  functions  at  the  critical 
point  by  the  equations — 

Finally,  7  and  y  are  constants  characteristic  of  each  gas.  By  an  application 
of  the  theorem  of  zero  area,  the  author  calculates  from  the  first  equation  the 
specific  volume  of  the  saturated  vapour  at  each  temperature.,  and  tiie  maximum 
Tapour  pressure,  and  finds  the  results  to  agree  with  experimental  values 
obtained  in  the  case  of  benzene,  benzene  fluoride,  carbon  chloride,  ether, 
acetic  acid,  methyl  alcohol,  steam,  and  carbonic  acid.  There  is  a  slight 
discrepancy  in  the  case  of  carbon  bisulphide.  E.  E.  F. 

1440.  Change  of  Density  on  Evaporation,  Mathias.  (Soc.  Frang.  Phys., 
BnJL  148.  p.  7,  May  4, 1900.) — Away  from  the  critical  temperature,  the  ratio 
i  of  the  heat  of  internal  vaporisation  to  the  change  of  density  '\s  a  ivLwcWow 
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which  clearly  decreases  with  the  temperature.  In  the  neighbourhood  of  the  . 
critical  temperature  the  ratio  appears  to  be  constant,  as  has  been  proved  by 
experiments  with  sulphurous  acid.  The  author  calculates  the  ratio  from  the 
results  of  Amagat,  and  finds  that  carbonic  acid  yields  numbers  which  are 
almost  rigorously  constant  between  (f  and  15°,  while  between  16°  and  81'86 
they  diminish  very  rapidly  by  about  20  per  cent.  Calculations  based  upon 
Young's  experiments  on  normal  hexane  also  yield  a  steadily  decreasing  value 
of  a,  but  without  presenting  a  point  of  inflection  with  a  horizontal  tangent, 
as  in  the  case  of  carbonic  and  sulphurous  acids.  It  appears,  therefore,  that 
the  law  of  corresponding  states  does  not  apply  to  the  ratio  a.  E.  E.  F. 

1441.  Saturatioti  Cun^e  of  Carbonic  Acid.  Mathias.  (Soc.  Frang.  Phys., 
Bull.  148.  pp.  7-8,  May  4,  1900.) — If,  according  to  Amagat,  one  considers  the 
loci  of  points,  such  that  there  is  a  constant  ratio  between  the  volume  of  the 
liquid  and  the  volume  of  the  vapour,  while  their  joint  weight  remains 
1  gramme,  these  curves  have,  at  the  critical  point,  horizontal  tangents,  except 
the  locus  of  points  implying  an  equality  between  the  volumes  of  liquid  and 
vapour  respectively.  This  curve  meets  the  saturation  curve  at  a  finite  angle. 
The  author  shows  that  Amagat's  locus  has  a  horizontal  tangent  corresponding 
to  a  volume  which  is  two-thirds  of  the  critical  volume.  Hence  the  locus  is 
geometrically  curvilinear,  but  it  is  very  little  distant  from  the  tangent  at  the 
critical  point,  which  explains  the  result  obtained  graphically  by  Amagat. 

E.  E.  F. 

1442.  Minimum  Volume  of  Fluids,  D.  Berthelot.  (Comptes  Rendus, 
130.  pp.  713-716,  March  12,  1900.}— The  author  employs  Cailletetand  Mathias* 
law  of  the  linear  diameter  to  calculate  the  volume  of  a  liquid  at  absolute  zero. 
The  density  of  the  saturated  vapour  is  neglected  in  comparison  with  that  of 
the  liquid  at  the  temperature  in  question.  In  this  way  the  following  mole- 
cular volumes  (in  c.c.)  are  calculated  : — 

Na  Oa  CI2  Kr-j  CO2  SO3         CaH4  CCI4  SnCl4         EthCT 

250       20-8        841        88-9        255        80        34-3        722       87*8        71-7 

CfiHfi  C6H5K         CrJIsCl        C<.H5Hr  C6H5I  Pentanc     Isopentane     Hexane        Heptane 

06-3  70-0         78-5  822  89*2         80-5  81-3  93*6  106*1 

It  is  stated  that  the  deviations  hitherto  observed  from  the  law  of  corre- 
sponding states  disappear  if  one  reckons  volume  from  a  zero  equal  to  the 
co-volume  as  calculated  above,  and  temperature  from  a  special  zero  of 
temperature  for  each  substance.  F.  G.  D. 

1443.  Characteristic  Data  of  Gases  and   Vapours.      R.   Mollier.     (Phys. 
Zeitschr.  1.  pp.  149-150,  1899.    Report  read  before  the  Naturforscher\-ersamni- 
lung  in  Munich.) — The  author  calls  attention  to  the  difference  of  3  per  cent. 
existing  between  Kegnault's  numbers  for  the  heat  of  evaporation  of  water,  and 
those  given  by  Hattelli  and  by  van  der  Waals'  equation  ;  the  theoretical  work  of 
a  steam  engine  is  hence  only  known  within  al)out  3  per  cent.,  whilst  the  real 
work  as  given  by  the  indicator  is  not  subject  to  such  a  large  error.    Similar     \ 
errors  are  introduced  by  considering  the  passage  of  liquid  to  vai>our  as  homo-    j 
geneous,  and  by  our  ignorance  of  the  exact  behaviour  of  superheated  steam.    1 
The  same  is  the  case  with  cooling  machines  using  ammonia,  carbonic  acid,  or   j 
sulphurous  acid.     With  gas  and  petroleum  engines  differences  of  dO  per  cent 
are  obtained  in  the  efficiencies  given  by  considering  the  specific  heat  of  the 
combustion  products,  first,  as  constant  up  to  1,600°,  and  secondly  as  increasii 
considerably.  T.  H.  1 


HEAT.  589 

1444.  Critical  Temperature  of  Mixture.  N.  J.  van  der  Lee.  (Phys. 
Zeitschr.  1.  pp.  14-16, 1899.) — Measured  quantities  of  phenol  and  water  were 
put  into  a  Cailletet  tube,  and  stirred  to  an  opaque  emulsion.  By  raising  the 
temperature  the  opacity  was  just  made  to  disappear.  It  could  be  made  to 
reappear  by  raising  the  pressure,  since  the  temperature  of  mixture  increases 
with  the  pressure.  The  increase  is,  however,  only  slight,  not  exceeding  0*6 
degrees  for  an  increase  of  pressure  of  180  atmospheres.  On  representing  the 
results  by  means  of  van  der  Waals'  isothermal  surfaces,  it  appears  that  the 
co-nodal  lines  of  the  longitudinal  fold  and  the  transverse  fold  touch  each 
other  in  a  p>oint  which  is  also  the  folding  point  of  the  longitudinal  fold. 

E.  E.  F. 

1446.  Critical  Points,  R.  v.  Hirsch.  (Ann.  d.  Physik,  1.  4.  pp.  655-663, 
April,  1900.) — The  phenomena  observed  at  the  critical  points  of  pure  sub- 
stances and  mixtures  have  given  rise  to  a  number  of  theories  at  variance  with 
the  simple  theory  of  van  der  Waals  and  Andrews,  notably  those  of  de  Heen, 
GaHtzine,  and  Battelli.  The  author's  experiments  with  pure  ether,  and  with 
mixtures  of  ether  and  borneol,  show  that  the  apparent  anomalies  may  be 
explained  by  the  influence  of  gravitation  and  a  retardation  in  attaining  a  state 
of  equilibrium,  without  leaving  the  ground  covered  by  the  simple  theory  of 
van  der  Waals.  E.  E.  F. 

1446.  Entropy  and  Temperature  of  Radiant  Heat,  M.  Planck.  (Ann. 
d.  Physik,  1.  4.  pp.  719-787,  April,  1900.)— The  author  endeavours  to  find  an 
expression  for  the  entropy  of  radiant  heat  which  is  in  agreement  with  all  the 
data  of  thermodynamics,  and  of  the  electromagnetic  theory  of  light.  He  is 
led  to  the  conclusion  that  Wien's  law  of  the  distribution  of  energy  in  the 
spectrum  is  a  necessary  consequence  of  the  principle  of  maximum  entropy  as 
applied  to  electromagnetic  radiation.  The  flaws  recently  discovered  in 
Wien's  law  in  the  regions  of  large  wave-lengths,  led  the  author  to  a  direct 
calculation  of  the  entropy  of  radiation  which  confirms  the  expression 
previously  found.  He  also  arrives  at  a  numerical  value  of  the  temperature  of 
a  monochromatic  radiation  emitted  by  a  small  surface  and  refracted  by  a 
system  of  centric  surfaces.  The  temperature  of  the  radiation  is  completely 
defined  without  reference  to  that  of  the  body  which  emits  it,  or  to  the  losses 
suffered  on  the  way.  It  is  more  rational  to  speak  of  the  temperature  of 
a  monochromatic  beam  of  sunlight  than  of  the  temperature  of  the  sun, 
especially  as  the  distribution  of  temperature  in  the  solar  spectrum  diftcrs 
from  (hat  of  a  black  body.  E.  E.  F. 

1447.  Vapour-Pressures,  R.  Gahl.  (Zeitschr.  Phys.  Chem.  33.  pp.  178-214, 
April  17, 1900.) — In  order  to  measure  very  small  vapour-pressures  the  author 
passes  a  measured  volume  of  air,  or,  preferably,  of  the  mixed  gases  resulting 
from  the  electrolysis  of  water,  over  the  substance  giving  off  vapour  and  then 
through  the  purest  water  procurable,  the  electrolytic  conductivity  of  which  is 
determined  both  before  and  after  the  experiment.  The  increase  of  the  con- 
ductivity is  a  measure  of  the  mass  of  vapour  absorbed  and  consequently  of  its 
pressure,  the  gaseous  laws  being  in  this  case  applicable.  By  this  method 
partial  pressures  of  less  than  nyow  mm.  of  mercury  have  been  measured,  and 
for  lower  pressures  the  experiment  need  only  be  prolonged  :  it  is  not,  how- 
ever, without  difficulty,  and  the  author's  precautions  are  therefore  given  in 
detaiL 
The  dififerential  equation  nid  log  p\  -f  n^d  log  />»  =  0,  as  representing  the  rela- 
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1450.  Synthesis  of  Vowel  Sounds,  Marage.  (Comptes  Rendus,  180. 
pp.  746-747,  March  12, 1900.) — The  author  reproduces  the  various  vowel  sounds 
by  means  of  a  siren  whose  lower  disc  has  a  single  aperture,  while  the  upper 
movable  disc  has  apertures  arranged  in  various  groups.  The  vowel  sound  ah 
is  produced  by  closing  every  fourth  aperture,  so  as  to  obtain  groups  of  three 
separated  by  an  interval.  The  pitch  at  which  the  vowel  is  sung  is  given  by 
the  number  of  groups  per  second,  the  vowel  itself  by  the  total  number  of 
vibrations  per  second.  To  produce  the  French  vowel  sounds  e,  eu,  and  o,  the 
apertures  of  the  movable  disc  must  be  in  sets  of  two,  separated  by  a  closed 
aperture.  Transition  from  one  vowel  sound  to  another  is  made  by  altering 
the  width  of  the  fixed  aperture,  which  is  widest  for  o  and  narrowest  for  e. 
For  the  French  sounds  i,  u,  and  ou  the  apertures  must  all  remain  open  as 
usual.  To  pass  from  one  vowel  to  another,  the  width  of  the  fixed  aperture, 
the  pressure  of  air,  and  the  resonance  must  be  altered.  The  vowel  sounds 
may  also  be  reproduced  synthetically  by  sounding  a  note,  and  tuning  a 
resonator  to  unison  with  the  second  or  the  third  harmonic.  As  a  practical 
application,  the  author  proposes  to  modify  the  sirens  used  on  board  ship  so 
as  to  give  different  sounds,  from  which  an  international  code  might  be 
formed.  E.  E.  F. 

1461.  Analysis  of  Vowel  Sounds.  L.  Bevier.  (Nature,  61.  pp.  467-488, 
March  15,  1900.) — The  analysis  of  vowel  sounds  was  carried  out  by  the  optical 
enlargement  of  phonograph  records.  The  author  concludes  that  the  vowels  as 
produced  by  the  human  organs  of  speech  arc  composed  in  the  first  place  of 
two  elements  :  that  due  to  the  vibration  of  the  vocal  chords,  and  that  due  to 
the  resonance  of  the  mouth  and  nose  cavities.  It  is  not  always  possible  to 
separate  clearly  these  two  elements,  but  the  problem  is  quite  simple  for  the 
vowel  a.  The  fundamental  is  due  to  the  vocal  chords,  and  the  overtones  that 
are  strongly  reinforced  are  due  to  the  mouth  and  throat  resonance.  The 
vowel  a,  at  any  pitch,  and  pronounced  by  any  clear  voice,  contains  the  follow- 
ing partial  tones  :  (1)  The  fundamental  to  which  it  is  sung,  with  the  first  two 
or  three  overtones.  (2)  The  overtone  or  overtones  whose  frequencies  of 
vibration  chance  to  fall  between  1,000  and  1,300  vibrations  per  second.  This 
is  the  main  characteristic  of  a,  which  serves  to  identify  it  to  the  ear,  and 
remains  remarkably  constant,  no  matter  what  the  fundamental  may  be. 
(3)  The  overtone  and  overtones  whose  frequencies  of  vibration  chance  to  fall 
between  575  and  800  per  second  for  men's  voices,  with  a  maximum  at  about 
675  ;  or  between  675  and  900  with  a  maximum  at  about  800,  for  the  voices  of 
women  and  children.  This  is  presumably  the  resonance  of  mouth  and  throat 
cavities  resounding  as  one  vessel,  and  is  not  as  constant  as  the  main  resonance 
described  above.     The  other  vowels  are  not  as  yet  analysed.  E.  E.  I*". 
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differs  from  that  of  Voigt,  and  that  it  is  confirmed  by  experiment.  He  con- 
clades  that  under  the  action  of  a  magnetic  field  only  the  thermo-electric  forces 
relative  to  the  Thomson  effect  undergo  the  Hall  efltect.  J.  J.  S. 

DISCHARGE  AND   OSCILLATIONS. 

1455.  Dissociation  Theory  of  the  Eledric  Arc.  C.  D.  Child.  (Phys.  Rev. 
10.  pp.  151-160,  March,  1900.) — By  photographing  a  narrow  longitudinal 
section  of  an  alternate-current  arc  on  a  long  moving  film,  Brown  showed  that 
the  arc  is  formed  by  the  coalescence  of  two  light-fronts,  starting  from  the 
positive  and  negative  carbons  respectively  [see  1899,  Abstract  No.  1720]. 
The  negative  light-front  starts  first,  but  the  positive  one  moves  with  the 
greater  velocity.  The  former  circumstance  is  easily  explained,  as  the  negative 
carbon  was  positive  during  the  previous  half-period,  and  was  therefore  the 
hotter  of  the  two.  As  regards  the  difference  of  velocity,  it  is  difficult  to 
account  for  it  without  having  recourse  to  some  ionic  hypothesis.  Such  an 
hypothesis  has  been  framed  by  the  author,  who  supposes  that  the  negative 
ions  move  more  slowly  than  the  positive  ions.  This  is  the  reverse  of  what 
happens  in  the  case  of  dissociation  by  Rontgen  rays.  The  greater  velocity  of 
the  positive  ions  would  not  only  explain  the  fact  observed  by  Brown,  but  also 
the  greater  fall  of  potential  at  the  positive  pole.  Manometric  experiments 
show  that  the  pressure  near  the  positive  carbon  is  greater  than  that  near  the 
negative  carbon.  The  author  explains  this  on  the  ground  that  owing  to  the 
smaller  speed  of  the  negative  ions  their  number  between  the  poles  at  any 
given  time  must  exceed  the  number  of  the  positive  ions.  Hence  they  exert  a 
greater  attraction  upon  the  positive  pole  than  do  the  positive  ions  upon  the 
negative  pole.  E.  E.  F. 

1456.  Magneto-Optic  Effect  on  Vacuum  Tubes.  Dongier.  (Soc.  Fran<;. 
Phys.,  Bull.  147.  pp.  5-6,  1900.) — The  author  describes  a  new  arrangement  for 
showing  the  polarisation  of  the  light  of  a  vacuum  discharge  in  a  direction  at 
right  angles  to  the  magnetic  field  which  envelopes  it.  As  regards  the  explatia- 
tion  proposed  by  Egoroff  and  Georgiewsky  [see  1900,  Abstract  No.  1*289], 
ascrit>ing  the  phenomenon  to  the  magnetic  displacement  of  the  luminous 
thread  and  consequent  changes  in  the  reflection  and  refraction  due  to  the 
glass  walls,  the  author  remarks  that,  if  that  explanation  were  true,  the 
behaviour  of  different  gases  must  be  identical,  whereas  hydrogen  and 
nitrogen  show  characteristic  differences,  and  so  do  helium  and  argon. 
Cotton  proposes  an  explanation  based  upon  the  supposed  existence  of  an 
absorbing  gaseous  layer  which  is  crowded  out  when  the  luminous  thread  is 
pressed  against  the  wall.  If  this  is  true,  the  phenomenon  must  disappear  in  a 
magnetic  field  which  is  strictly  uniform.  E.  E.  F. 

1457.  Electrostatic  Deflection  of  Kathode  Rays.  A.  Heyd^veiller.  (Phys. 
Zeitschr.  1.  pp.  15-16, 1899.) — Spherical  vacuum  tubes  of  the  ordinary  Rontgen 
ray  pattern  were  used,  but  the  polarity  of  the  electrodes  was  reversed,  so  that 
the  antikathode,  instead  of  reflecting  the  kathode  rays  at  right  angles,  cast  a 
shadow  on  the  wall  opposite  the  original  anode.  On  approaching  a  rubbed 
ebonite  rod  to  the  tube,  a  considerable  but  momentary  enlargement  of  the 
bhadow  was  observed.  A  rubbed  glass  rod  produced  a  corresponding  con- 
traction. Under  favourable  conditions,  the  dimensions  of  the  shadow  could 
be  doubled  or  halved  respectively.  A  permanent  enlargement  was  produced 
by  putting  the  antikathode  to  earth,  and  this  enlargement  was  perceptible 
evea  in  the  case  of  strong  discharges,  whereas  the  other  deflections  i'ec\u\t^d 
itry  weak  currents.    If  any  part  of  the  stem  of  the  antikathode  vi^lS  \^l\. 
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globule  coherer  subject  to  the  action  of  extra  current  potentials  and  electric 
waves  is  analogous  to  that  of  the  particles  in  an  ordinary  filings  coherer  under 
the  same  actions  ;  (2)  that  a  coherer  becomes  conducting  along  certain  lines 
and  not  in  the  entirety  of  its  mass. 

The  experiments  were  conducted  in  the  following  manner  :  Upon  a  glass 
plate  were  fastened  with  Canada  balsam  strips  of  glass  in  such  manner  as  to 
make  a  long,  narrow  rectangular  cell.  At  the  extremities  of  this  were 
attached  two  fine  copper  wires,  amalgamated  on  the  ends,  and  in  the  little  cell 
was  placed  vaseline  oil  and  a  small  quantity  of  mercury  which  was  stirred  up 
into  globules  with  a  metallic  wire.  This  arrangement  was  put  in  circuit  with 
a  battery  of  accumulators,  A  (fig.  1),  a  resistance  R  and  a  coil  B.  One  of  the  two 
small  wires/ is  connected  with  one  point  of  the  circuit  as  shown  and  the  other 
left  disconnected.  On  breaking  the  circuit  at  E,  the  mercury  globules  reunite 
in  a  fine  stream.  The  arrangement  shown  in  fig.  2  consists  of  a  single  cell 
connected  in  circuit  with  a  galvanometer  G,  a  key,  and  the  coherer.  With  the 
arrangement  as  shown,  the  coherer  introduces  an  enormous  resistance  into  the 
circuit  and  the  galvanometer  needle  dops  not  deviate.  On  closing  the  key  T 
the  needle,  of  course,  deviates  fully,  but  remains  in  the  position  indicating  a 
short-circuit  when  the  key  is  opened.  If,  instead  of  the  single  cell,  a  battery 
of  ten  or  twelve  accumulators  is  used,  on  opening  the  switch  T  the  spherical 
globules  can  be  seen  to  unite  and  spread  themselves  out  into  a  continuous 
stream. 

1L_/ 
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By  using  a  Righi  oscillator  worked  by  an  induction  coil  and  having  the 
mercury  coherer  in  circuit  in  the  usual  way  with  a  battery  and  galvanometer, 
a  single  spark  was  found  sufficient  to  cause  cohering  action.  Under  these 
conditions  the  drops  do  not  seem  to  unite  as  before,  but  the  galvanometer 
shows  a  diminution  of  resistance,  and  when  one  side  of  the  glass  cell  is 
removed  it  will  be  found  that  the  end  globules  have  connected  themselves 
with  the  mercury  film  on  the  leading-in  wires.  A  glass  tube  containing 
vaseline  oil  and  numerous  globules  of  mercury  was  found  to  be  entirely 
analogous  to  a  metallic  powder  coherer. 

In  order  to  show  that  the  conductivity  does  not  augment  in  the  entire 
mass,  a  glass  tube  may  be  used,  about  8  inches  long,  f  inch  in  diameter, 
filled  with  brass  filings  and  closed  at  its  two  extremities  with  plugs. 
It  is  divided  into  equal  parts  along  its  length  by  exploring  electrodes 
in  the  form  of  small  brass  wires  run  through  holes  in  the  glass. 
These  are  connected  to  mercury  cups.  If  the  coherer  becomes 
conducting  by  the  formation  of  chains  of  particles  between  the  two  end 
terminals  for  example,  then,  it  does  not  follow  that  it  will  be  conducting 
between  other  terminals  unless  these  chains  of  particles  include  the  entering 
wires  of  the  latter.  From  numerous  observations  it  was  concluded  by  the  use 
of  this  instrumGnt  that  chains  of  conducting  particles  are  actually  fonned  and 
that  the  coherer  does  not  become  conducting  in  all  its  mass ;  that  it  may 
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become  conducting  as  a  whole  and  still  remain  of  high  resistance  from  part  to 
part  and  that  a  coherer  can  become  of  low  resistance  in  part  without  showing 
any  diminution  of  resistance  as  a  whole.  E.  E.  F. 

1465.  Maximum  Sensitiveness  oj  Coherers.  A.  Blondel  and  G.  Dobke- 
vitch.  (Comptes  Rendus,  130.  pp.  1123-1126,  April  23,  1900.)— The  increase 
in  the  sensibility  of  the  coherer  produced  by  Tissot  by  immersing  it  in  a 
magnetic  field  is  simply  due  to  the  increased  cohesion  of  the  particles,  and  is 
therefore  a  purely  mechanical  effect.  The  same  increase  of  sensitiveness 
may  be  obtained  by  increasing  the  amount  of  filings  between  the  electrodes, 
and  thus  increasing  the  mutual  pressure  of  the  particles.  When  the  extra 
quantity  of  filings  is  contained  in  a  reservoir  connected  with  the  coherer 
tube,  the  addition  may  be  brought  about  by  shaking  the  tube,  though,  of 
course,  this  is  not  so  convenient  as  increasing  the  magnetic  field,  as  in 
Tissot's  contrivance.  For  maximum  sensitiveness  a  coherer  should  fulfil 
the  following  conditions  :  The  E.M.F.  of  the  battery  should  remain  below 
the  critical  value  ;  the  E.M.F.  produced  by  the  impinging  waves  should 
exceed  the  critical  value ;  the  current  established  on  coherence  should  be 
below  a  certain  value  (usually  1  milliampere)  if  the  coherer  is  not  to 
deteriorate ;  the  current  which  traverses  the  tube  after  a  shock  should  be 
a  very  small  fraction  of  the  preceding  current.  With  a  given  height  of 
mast,  the  sensitiveness  is,  therefore,  increased  by  reducing  the  critical  E.M.F. 
This  may  be  done  by  employing  filings  which  are  slow  to  oxidise,  and  by 
putting  the  tube  into  circuit  with  a  battery  of  feeble  E.M.F.  and  a  relay  of 
feeble  internal  resistance.  The  authors  use  a  battery  of  0*5  volts,  and  a  tube 
with  a  critical  E.M.F.  of  about  1  volt.  The  relay  has  a  resistance  of  100  to 
200  ohms.  It  is  even  better  to  substitute  for  the  battery  a  potentiometer 
connected  with  a  battery  of  accumulators.  E.  E.  F. 

ELECTRICAL   PROPERTIES  AND   INSTRUMENTS. 

1466.  Resistance  of  Bismuth  and  Antimony.  R.  W^achsmuth  and 
C.  Bamberger.  (Phys.  Zeitschr.  1.  pp.  127-128,  1899.)— In  antimony  the 
difference  in  resistance  amounts  to  6*75  per  1,000  in  zero  magnetic  field,  and 
5*79  (minimum)  in  a  field  of  8,250  c.g.s.  It  then  increases  rapidly,  amount- 
ing to  1*5  per  cent,  in  a  field  of  14,500  c.g.s. 

W^ith  bismuth  the  resistance  increases  with  the  frequency  of  alternation, 
the  value,  with  110  alternations  per  second,  being  almost  the  same  as  the 
resistance  to  steady  currents.  In  magnetic  fields  up  to  16,000  c.g.s.  the 
dependence  of  resistance  on  frequency  ceases  completely.  G.  E.  A. 

1467.  Thermoelectric  Phenomena.  W.  F.  Barrett.  (Phil.  Mag.  49. 
pp.  309-316,  March,  1900.)— The  author  describes  the  peculiar  thermo- 
electric behaviour  of  a  specimen  of  nickel  steel  containing  5  per  cent,  of 
manganese  when  coupled  with  an  iron  wire.  The  cool  junction  being  kept 
in  cold  water  or  in  ice,  it  was  found  that  on  heating  the  other  junction  con- 
tinuously the  thermo-electric  force  at  first  quickly  rose ;  but  when  a  certain 
temperature  much  below  red  heat  was  reached  it  remained  almost  stationary, 
although  the  hot  junction  was  finally  raised  to  a  bright  white  heat.  Further 
investigation  showed  that  up  to  a  temperature  of  320°  C.  the  E.M.F.  of  the 
nickel-steel  alloy  and  iron  couple  rose  rapidly ;  it  then  remained  ^.b^oVwVfcVN 
constant  until  the  temperature  rose  to  500',  and  after  this  only  a  svxi^W  cVv^lyv^ 
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1470.  Improved  Wehntll  InUrmpicr.  W.  A.  Price.  (Elect.  Rev.  N.Y. 
86.  p.  367,  April  11,  1900.)— The  author  describes  an  adjustable  and  durable 
type  of  the  Wehnelt  interrupter  (see  diagram). 

The  jar  consists  of  a  6-inch  by  7-inch  gravity  battery  glass  jar  with  a  hard 
rubber  cover.  To  this  is  fastened  a  lead  strap  3  inches  wide,  which  passes 
down  one  side  and  across  the  bottom,  having  a  binding-post  on  lop.  Two 
{-inch  holes  in  the  cover  are  filled  with  perforated  rubber  stoppers  through 
which  pass  ordinary  clay  pipe-stems  about  6  inches  in  length.    Inside  each  is 


placed  a  piece  of  brass  wire  with  a  platinum  tip,  about  1  inch  long,  soldered 
to  i(  with  hard  solder. 

The  interrupter  is  adapted  for  long  continuous  use  by  using  a  lead  pipe 
Instead  of  a  plate  for  the  kathode  and  passing  a  stream  of  cold  water  through 
it  lo  keep  the  cell  cool.  A  few  turns  of  wire  on  a  bolt  used  in  series  to  offer 
a  tittle  inductance,  very  materially  assist  the  working  of  the  interrupter  when 
used  on  direct  current.  This  is  not  necessary,  however,  when  used  on  the 
alternating  current.  E.  E.  F. 

1471.  Liquid  hilerrufUrs.  E.  Huhmer.  (Elektrotechn.  Zeitschr.  21. 
pp.  831-334.  April  26,  1900.)— To  decide  whether  the  irregularities  noted  by 
West  (see  1900,  Abstract  No,  490)  in  the  liquid  interrupters  of  an  induction 
coil  are  due  lo  the  variable  resistance  of  the  gap  at  (he  secondary  or  to 
irregularities  in  the  interrupter  ilself,  Ihe  author  took  mutographic  imprcs- 
bions  of  the  spark  in  the  liquid.  He  found  that  the  irregularity  in  the 
>uccession  of  sparks  amounted  to  17  per  cent,  in  the  Wehnelt  interrupter, 
and  24  per  cent,  in  Simon's  pattern.  The  latter,  on  the  other  hand,  showed 
fewer  intermit  fences  of  the  interruption.  The  irregularities  are  indicated  to 
the  ear  by  the  impurity  of  the  note  emitted.  Whenever  regular  interruptions 
we  required,  the  mercury-jet  interrupter  designed  by  Boas  is  preferable, 

E.  E.  F. 

1472.  Dirtil-reading  PoUnliomtter.  (Elect.  Rev.  48.  pp.  761-762,  May  4, 
WKX) — The  subdivided  resistance  consists  of  149  coils  counccted  lo  ^V.ud% 
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arranged  in  a  circle,  and  a  slide  wire  equal  in  resistance  to  one  coil.  Contact 
is  made  with  the  studs  by  a  slider  carried  on  a  circular  disc,  and  the  number 
of  the  stud  under  the  slider  appears  below  a  window  ia  the  cover  of  the 
apparatus.  Contact  with  the  slide  wire  is  made  by  a  radial  arm,  the  position 
of  wliich  is  read  on  a  scale  divided  into  one  hundred  parts.  In  series  with 
the  subdivided  resistance  are  (wo  adjustable  resistances  which  se^^■e  to  bring 
the  current  to  the  value  which  makes  the  potentiometer  direct -reading.  The 
potential  difference  to  be  measured  can  tie  substituted  for  the  standard  cell 
and  vice  versa  by  the  motion  of  a  double -sliding  contact.  Alt  the  metal 
connections  are  encased  in  ebonite  to  enable  high  pressures  to  be  measured 
with  safety.    Messrs.  Elliott  Brothers  are  the  makers.  G.  H.  B. 

1473.  Hot-wire  S/iuiilJnslnimeiils  as  Allemaling  Ammelers.  E.  A.  'Wag- 
ner. (Anier.  Elcctn.  12.  p.  162,  April,  1900.) — It  is  becoming  common 
practice  to  use  a  hot-wire  instrument  with  a  shunt,  care  being  taken  to 
eliminate  self-induction  by  twisting  the  leads,  the  self-induction  being 
negligible  in  the  instrument  itself.  The  reactance  of  the  shunt  will  vary 
within  wide  limits  depending  upon  the  frequency,  current,  and  the  relative 
position  of  other  cables  carrying  current.  A  convenient  method  of  calibrating 
is  to  have  a  small  current  transformer  arranged  to  slip  over  the  cable  in  series 
with  the  shunt,  and  so  wound  that  a  15  or  26-ampere  alternating  current 
ammeter  can  be  used.  The  currents  in  the  transformer  will  not  be  affected 
by  the  relative  position  of  cables  carrying  cither  alternating  or  direct  currents 
or  by  the  presence  of  iron.  Measurements  of  alternating  currents  by  means 
of  a  shunt  is  not  to  t>c  depended  upon  where  the  instrument  has  t>een  cali- 
brated by  a  direct  current.  E.  K.  S. 

1474.  J.A.Fleming's  Workshop  fortn  of  Wliealsloiie  Bndge.  (Electrician, 
44.  pp.  823-824,  March  30,  1900.)— The  most  important  features  of  this  instru- 
ment are  the  following  :  The  top  and  bottom  of  the  Ikix  are  held  in  place  by 
turn-button  bolts,  so  that,  by  turning  four  buttons,  the  top  of  the  box  can  be 
at  once  removed,  carrying  with  It  the  entire  bridge  mechanism.    The  coils 


are  .irrangcd  as  in  a  dial-p.itlern  bridge,  and  are  made  as  follows :  Hollow 
half-cylinders  of  thiu  sheet  copper  are  constructed,  each  having  a  lug,  and 
I  wo  of  these  half-cylinders  are  put  together  with  a  thin  separating  piece  of 
ehonite,  and  bound  up  with  some  Ihin  silk  tape.  The  resistance  wires  of 
manfjanin  are  then  cut  the  proper  length,  and  the  two  ends  of  the  wire 
soldered  to  the  two  lugs  of  the  copper  half-cylinders,  the  remainder  being 
wound  n  on -inductively  on  the  bobbin  and  tied  in  position  by  thin  silk  tape. 
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No  paraffin  wax  is  used  over  the  coils.  Each  set  comprises  nine  coils,  inter- 
posed between  ten  brass  blocks,  which  are  arranged  in  a  circle  around  a 
central  brass  ring  in  a  kind  of  ebonite  tray  fixed  on  the  under  side  of  the 
teak  lid  of  the  box.  The  plugs  are  inserted  through  small  holes  bored 
through  the  teak  lid  of  the  box.  These  holes,  when  the  box  is  not  in 
use,  are  closed  by  means  of  circular  discs  of  thin  ebonite  perforated 
by  holes  corresponding  to  the  plug-holes  in  the  lid.  The  discs  turn  about 
central  pivots,  and,  by  means  of  a  spring,  move  so  that  the  holes  in  the 
shield  do  not  normallv  coincide  with  the  holes  in  the  box-lid.  These  shutters 
can  be  turned  round  by  a  common  bar  and  finger-pin  protruding  through  the 
lid.  The  ratio-arms  are  also  arranged  dial-fashion,  1,  9,  90,  900.  The  plugs 
are  of  the  length  of  the  contact  surfaces  onlv  so  as  to  prevent  shouldering. 

C.  K.  F. 

1476.  Balancing  Rheostat  for  Bolometers,  P.  G.  Nutting.  (Astrophys. 
Journ.  11.  pp.  44-46,  Jan.,  1900.) — The  error  due  to  varying  contact  makes  the 
method  of  Wadsworth  (Astrophys.  Journ.  5.  pp.  268-276)  for  making  fine 
bridge  adjustments,  by  means  of  a  double  contact  arrangement  for  one  of  the 
battery  terminals  unsuitable  for  use  with  the  differential  bolometer  in  the 
determination  of  absorptive  indices.  The  present  paper  describes  a  new 
device  in  which  botli  galvanometer  terminals  are  connected  by  variable  con- 
tact to  the  bridge  angles  instead  of  only  one,  as  is  usually  the  case.  The 
bridge  junction  at  one  galvanometer  terminal  is  made  of  rather  fine  wire,  of 
just  sufiicient  resistance  to  overcome  the  inequalities  of  the  bolometer  arms. 
The  other  bridge  junction  at  the  remaining  galvanometer  terminal  is  made 
of  large  wire  of  very  low  resistance,  and  serves  for  the  delicate  final  setting. 
The  resistance  of  this  whole  wire  may  be  made  equal,  within  about  1  mm.  or 
less,  to  that  at  the  opposite  terminal,  but  for  rapid  work  it  is  conveniently  of 
a  resistance  sufficient  to  balance  the  greatest  bolometric  variations  expected. 
Further  details  of  the  arrangements  and  means  adopted  to  eliminate  thermal 
currents  and  variations  of  resistance  from  temperature  changes  arc  given  in 
the  paper.  J.  J.  S. 

1476.  S/tietded  Galvanometers,  H.  du  Bois  and  H.  Rubens.  (Zeitschr. 
Instrumentenk.  20.  pp.  65-78,  March,  1900.) — The  authors  describe  two 
galvanometers  they  have  constructed,  which  are  protected  by  steel  shields 
against  external  magnetic  disturbances. 

The  first  is  astatic  with  two  pairs  of  coils,  which  are  enclosed  in  a  cylinder 
of  5  mm.  steel.  Outside  this  is  a  shorter  cylinder  of  7*6  mm.  steel,  which  is 
capable  of  vertical  motion  above  and  below  its  normal  position  of  symmetry 
with  respect  to  the  coils.  The  maximum  vertical  displacement  of  18  mm. 
will  compensate  for  a  15  per  cent,  difference  in  the  moments  of  the  two  sets 
of  magnets.  Four  controlling  magnets  are  carried  on  rods  fixed  to  the  cover 
and  bottom  of  the  inner  cylinder.     The  weight  of  the  two  shields  is  5  kilos. 

The  second  galvanometer  is  non-astatic,  with  two  coils.  These  are  sur- 
rounded by  a  spherical  steel  shell  made  in  two  halves,  with  a  vertical  plane 
of  division  ;  its  weight  is  23  kilos.  A  ring  of  ebonite  fixed  vertically  on  a 
tripod  carries  the  two  coils  and  the  two  hemispherical  shells,  and  supports 
above  a  vertical  rod  carrying  the  controlling  magnets.  Of  these,  two  are 
outside  the  shell,  and  two  between  the  shell  and  the  coils  ;  the  latter,  being 
attached  to  two  concentric  tubes  passing  over  the  rod  and  through  the  shell, 
can  be  adjusted  from  the  outside  by  cross-pieces  on  the  tubes.    The  galvauo- 


ELECTRICITY. 


559 


magnetisation  '*  by  Ewing.  The  greater  number  of  the  experiments  relate  to 
the  variations  that  the  S.M.  undergoes  when  specimens  of  iron  are  subjected 
to  long  and  repeated  annealing  and  tempering.  The  apparatus  consists  of  a 
reflecting  magnetometer,  the  iron — or  whatever  it  is — being  placed  in  a  coil 
alongside.  The  rods  used  were  cylindrical,  60  cm.  in  length,  and  varied  in 
diameter  from  6  to  8  mm.  The  readings  were  made  01,  1,  2,  5,  and  10 
seconds  after  closing  the  circuit,  and  the  numbers  representing  the  S.M.  are 
in  hundredths  of  the  total  magnetism  produced  in  the  bars  in  5  minutes. 
The  samples,  from  various  sources  were  as  follows  :  I.,  II.  Swedish  iron  from 
Cagliari,  diam.  7*9  mm. ;  III.  Swedish  iron  from  Rome,  diam.  70  mm. ; 
IV.  Mild  iron  from  Professor  Ascoli,  Rome,  diam.  6*35  mm. ;  V.  So-called 
" common "  iron  from  Cagliari,  diam.  70  mm. ;  VI.  Wire-drawn  iron 
(coppered),  unannealed,  f rom  Sassari,  diam.  6*6  mm. ;  VII.  Swedish  iron  from 
Cagliari,  diam.  5'8  mm. ;  VIII.  Wire-drawn  iron  (coppered),  unannealed, 
from  Sassari,  diam.  6*9  mm. ;  IX.  "  Common "  iron  from  Cagliari,  diam. 
4*8  mm.;  X.  "Best"  iron,  old  samplij  from  cabinet,  diam.  66  mm.;  XI. 
Mild  iron  as  above,  diam.  2*85  mm. ;  XII.  Wire-drawn  iron  wire  (gal- 
vanised), annealed,  from  Sassari,  diam.  6*8  mm. ;  XIII.  Steel,  diam.  6"6  mm. ; 
XIV.  Nickel,  a  bundle  of  28  wires,  each  1  mm.  in  diameter. 

The  samples  were  experimented  on  in  their  natural  state,  as  received  ; 
then  annealed  at  a  bright  red  heat,  and  cooled  in  air  and  the  tests  repeated. 
Some  of  the  results  are  shown  in  the  following  tables  : — 
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the  curve  the  crystals  of  pure  alloy  are  less  numerous  and  are  arranged  in 
regular  patterns,  showing  that  they  are  the  result  of  free  crystallisation  while 
surrounded  by  liquid  ;  finally,  at  the  eutectic  point,  no  crystals  are  found,  the 
whole  field  of  the  microscope  being  occupied  by  the  mother  substance. 
Some  of  the  alloys  rich  in  aluminium  are  photographed  by  means  of  the 
Rdntgen  rays,  an  enlarged  positive  being  made  from  the  negative.  By  this 
means  the  structure  of  the  alloy  is  shown  much  more  clearly  than  by  an 
ordinary  surface  photograph.  T.  H.  P. 

1622.  Chemical  Dynamics  of  Benzene  Bromination,  L.  Bruner.  (Acad. 
Sci.  Cracovie,  Bull.  1.  pp.  29-87,  Jan.,  1900.) — The  author  seals  up  in  test-tubes 
weighed  quantities  of  bromine  (sealed  up  in  small  bulbs)  and  benzene,  with 
or  without  iodine.  The  reaction  is  started  by  breaking  the  bromine  bulbs, 
and  followed  by  titration  of  the  free  bromine  with  potassium  iodide,  and 
thiosulphate.  With  equivalent  quantities  the  reaction  proceeds  asymptotically 
towards  completion,  i.e.,  complete  formation  of  monobrombenzene,  but  no 
velocity-constant  could  be  obtained.  Using  3  mols.  benzene  to  1  mol. 
bromine,  a  constant  was  obtained  assuming  a  bimolecular  reaction  with 
equivalent  quantities,  but  no  satisfactory  constant  for  the  monomolecular 
or  general  bimolecular  reaction.  The  experiments  show  further  the  great 
accelerating  influence  of  iodine — an  amount  equal  to  1  per  cent,  of  the 
benzene  increasing  the  velocity-constant  tenfold.  F.  G.  D. 

1523.  Equilibria  in  the  Syslem,  Water — Phenol — and  d-Tartaric  Acid  or 
Racemic  Acid.  F.  A.  H.  Schreinemakers.  (Zeitschr.  Phys.  Chem.  33. 
pp.  74-71,  April  3,  1900.) — It  is  shown  that  dextro-tartaric  and  racemic  acids 
have  the  same  influence  on  the  formation  of  two  liquid  layers  in  mixtures  of 
water  and  phenol.  F.  G.  D. 

15#24.  Equilibria  in  the  System,  Water — Phenol  —  Acetone.  F.  A.  H. 
Schreinemakers.  (Zeitschr.  Phys.  Chem.  33.  pp.  78-98,  April  3,  1900.)— 
This  system  is  of  interest  inasmuch  as  the  binodal  curve  possesses  a  closed 
form  between  68°  and  92°,  or  in  other  words,  if  the  composition  of  any 
complex  be  indicated  by  a  point  on  a  triangular  diagram,  then  between  68° 
and  92°  the  composition  of  those  mixtures  which  separate  into  two  liquid 
phases  will  be  indicated  by  points  lying  within  a  closed  curve.  The  paper 
contains  full  experimental  details  and  a  useful  summary  of  the  results  arrived 
at  by  the  author  in  this  and  previous  investigations  on  ternary  systems 
possessing  two  or  three  coexistent  liquid  phases.  F.  G.  D. 

1525.  Decomposition  of  Sodium  Thiosulphate  by  Acids.  H.  v.  Oettingen. 
(Zeitschr.  Phys.  Chem.  38.  pp.  1-38,  April  3.  1900.)- -When  an  acid  is  added 
to  a  solution  of  sodium  thiosulphate  the  liquid  remains  clear  for  a  time,  and 
then  suddenly  becomes  turbid  owing  to  the  separation  of  sulphur.  The 
author  describes  experiments  made  to  determine  the  influence  of  the  nature 
and  quantity  of  the  added  acid  on  the  reaction  and  also  to  ascertain  whether 
any  real  difference  exists  between  the  mctastablc  and  the  labile  conditions  of 
a  supersaturated  solution.  When  acids  of  different  strengths  are  employed 
the  increase  in  the  time  elapsing  between  mixing  and  separation  of  sulphur 
is  proportional  to  the  square  of  that  time  and  to  the  decrease  in  the  con- 
centration of  the  hydrogen  ions,  and  varies  inversely  as  this  concentration  ; 
the  law  connecting  the  time  and  the  concentration  of  the  hydrofi<et\  *\ov\?>  \s 
hence  a  logarithmic  one.    Parallel  experiments  with  hydrocVv\ov\c,  ox;vV\c, 
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1633.  Practical  Form  of  Normal-Element  and  Normal-Electrode.  E.  Bose. 
(Zeitschr.  Elektrochem.  6.  pp.  457-459,  March  1,  1900.) — The  normal  element 
shown  in  the  figure  is  made  by  inserting  a  ring-shaped  vessel  into  an  ordinary 
desiccator  glass,  and  has  the  advantages  that  (1)  the  electrode  surfaces  are 
very  large,  and  the  current-lines  are  very  largely  vertical,  so  that  the 
electrodes  are  only  very  slightly  affected  by  the  passage  of  a  fairly  large 
current ;  (2)  if  only  a  small  amount  of  crystal  is  present  the  internal  resist- 
ance  is  very  small.     In  all   cases  the   mercury,  covered   with  a  layer   of 


Hgj  SO4,  is  placed  at  the  bottom,  whilst  the  ring  contains  solidified  Zn  or  Cd 
amalgam  covered  with  crystals  of  zinc  or  cadmium  sulphate.  The  solution 
of  zinc  or  cadmium  sulphate  is  covered  with  a  layer  of  liquid  paraffin. 

For  use  as  a  normal  electrode  both  electrodes  are  made  of  {e.g.)  mercury 
covered  with  calomel,  and  a  dropping  funnel  is  fitted  into  a  third  aperture  in 
the  cover ;  contact  is  made  with  the  N/10  KCl  solution,  which  fills  the  vessel, 
by  means  of  a  side  tube  fitted  to  the  dropping  funnel  ;  any  chanp^e  in  the 
condition  of  the  electrode  due  to  the  passage  of  a  current  can  then  be 
immediately  detected  by  changing  from  one  electrode  to  the  other.     T.  M.  L. 


1534.  Electrolytic  Preparation  of  IndiiUn  Dyes.  W.  Ldb.  (Zeitschr. 
E^lektrochem.  6.  pp.  441-442,  Feb.  22,  1900.) — A  preliminary  note.  Results 
bimilar  to  those  described  by  Szarvasy  (see  1900,  Abstract  No.  1126),  have 
been  obtained  by  the  kathodic  reduction  at  the  ordinary  temperature  of  a 
solution  of  aniline  and  various  nitro-compounds  in  concentrated  hydrochloric 
acid.  N.  L. 

1535.  Electrolysis  of  Sodium  Chloride.  R.  Lorenz  and  H.  TVehrlin. 
(Zeitschr.  Elektrochem.  6.  pp.  389-392,  Jan.  25  ;  408-410,  Feb.  1  ;  419-428, 
Feb.  8  ;  437-441,  Feb.  22  ;  445-452,  March  1  ;  and  461-464,  March  8,  1900.)— 
In  this  long  paper  a  detailed  account  is  given  of  an  investigation,  commenced 
in  1896,  the  main  lines  of  which  have  been  indicated  in  a  previous  note  by 
Lorenz  (Zeitschr.  Elektrochem.  4,  247).  Most  of  the  results  have  meanwhile 
been  anticipated  by  the  work  of  Wohlwill  [Abstracts  Nos,  341  (1899)  ;  and 
268  (1900)]  ;  and  Foerster  [Abstracts  Nos.  1946(1899) ;  and  269  (1900)]  ;  hence 
no  claim  to  novelty  is  made,  except  as  regards  minor  details.  The  bulk  of  the 
paper  is  unsuited  for  abstraction,  but  the  primary  process  at  the  anode,  both 
in  neutral  and  alkaline  solutions,  is  considered  to  be  the  formation  of  hypo- 
chlorite from  chlorine  and  sodium  hydroxide.  When,  however,  the  electro- 
lytic back  E.M.F.  at  the  anode  appreciably  exceeds  the  E.M.F.  of  polarvsa\\ow, 
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the  process  on  the  lines  indicated.  Hydrogen  comes  off  with  the  chlorine, 
which  is  ascribed  by  the  inventors  to  the  decomposition  of  water,  and  by  the 
author  to  the  decomposition  of  a  portion  of  the  amalgam  on  the  lower  side  of 
the  mercury  kathode.  The  figure  shows  the  form  of  cell  which  has  been 
designed  to  overcome  this  defect.  A  is  a  porous  tube  containing  the  mercury, 
and  connected  with  the  kathodic  compartment  of  the  cell  by  the  non-porous 
tubes  B,  K,  and  L.  The  amalgam  formed  in  A  is  displaced  by  gravitation, 
and  slowly  rises  and  passes  over  into  C — this  upward  movement  being  also 
assisted  by  any  hydrogen  that  may  be  liberated  in  the  tube  A.  In  C  the 
amalgam  is  at  once  decomposed  by  its  contact  with  ferrous  sulphide  and 
water,  and  the  regenerated  mercury  finds  its  way  back  into  A,  by  the  tubes  B 
and  K.  The  enclosure  of  the  mercury  in  a  porous  kathode  tube,  and  the 
inclination  of  this  tube  in  the  anodic  compartment  of  the  cell  in  the  manner 
shown,  thus  causes  both  the  hydrogen  and  the  amalgam  to  be  carried  into  the 
decomposing  chamber  by  a  movement  which  is    perfectly  automatic    in 


.,^3 


character  ;  and  the  chlorine  passing  from  the  anodic  compartments  of  the 
cell,  is  entirely  free  from  hydrogen. 

The  disadvantages  of  the  cell,  in  the  author's  opinion,  are  the  use  of  a 
diaphragm  with  its  accompanying  drawbacks  of  increased  internal  resistance. 
Current  efficiency  of  95  to  100  per  cent,  are  stated  to  have  been  obtained,  but 
no  figures  as  to  E.M.F.  required  are  obtainable. 

Another  cell,  the  invention  of  J.  VV.  Kynaston  (Eng.  Pat.  No.  15967  of 
1898)  is  then  explained.  This  is  a  vertical  cell,  in  which  the  mercury  flows 
zigzag  fashion  over  narrow  shelves  affixed  to  the  sides,  being  discharged  by  a 
pipe  at  the  bottom.  The  successive  shelves  are  supplied  with  transverse 
ridges  and  run-off  pipes  at  alternate  ends.  Each  shelf  is  thus  constantly 
covered  with  a  layer  of  mercury  f  inch  deep,  and  only  the  lighter  amalgam 
passes  off  from  it  to  the  one  below.  Between  these  mercury  shelves  the 
vertical  carbon  anode  is  placed.  The  mercury  amalgam  is  drawn  off  at  the 
bottom  of  the  cell,  is  decomposed  in  a  separate  vessel,  and  then  returned  to 
the  cell.  O.  J.  S. 


1630.  Electrolytic  Production  of  Bleaching  Solutions.  F.  Foerster.  (Ind. 
Electrochim.  4.  pp.  4-9.  Jan.,  and  18-20.  Feb.,  1900  ;  from  Moniteur  Scien- 
ti6que,  p.  90,  1900  ;  and  Die  Chemische  Industrie,  Nov.  15,  1899.) — A  lengthy 
2uiicle,  in  which  the  author  deals,  first  with  the  chemistry  of  the  process,  and 
secondly  with  a  few  of  the  special  forms  of  cell  designed  for  its  industrial 
application.  In  the  first  part  the  work  of  Fogh,  Oettel,  Haber  and  Grinberg, 
Bischoff  and  Foerster,  Wohlwill,  Jorre  and  Foerster,  Miiller,  and  of  S\e\^\Vi 
is  made  use  of,  and  the  advantages  and  disadvantages  of  the  various  w\v^W\cA? 


STEAM   PLANT,  GAS  AND  OIL  ENGINES.  579 


STEAM  PLANT,  GAS  AND  OIL  ENGINES. 

STEAM  PLANT. 

1544.  Multiple  Cylinder  Engines,  E.  Lefer.  (Eel.  Electr.  28.  pp.  60-61 
April  14,  1900  ;  Bulletin  de  la  Societe  d'Encouragement,  5.  (3)  pp.  58-117, 
Jan.,  1900.)-^The  author  compares  the  advantages  and  disadvantages  of 
expanding  steam  in  more  than  one  cylinder,  as  compared  with  expansion  in  a 
single  cylinder.  When  steam  engines  were  first  employed  on  a  practical 
scale  to  drive  industrial  works  the  system  of  expanding  the  steam  in  two 
cylinders  was  introduced,  though  the  object  to  be  obtained  in  so  doing  was 
not  fully  appreciated.  As  the  engines  in  use  at  that  time  were  beam  engines, 
one  of  the  main  reasons  put  forward  was  that  it  gave  a  more  regular  turning 
effort  than  when  a  single  cylinder  was  used.  It  seems,  however,  looking  at 
the  types  of  engines  which  followed  these,  that  an  effort  was  made  to  obtain 
a  wide  range  of  expansion  without  altering  the  existing  imperfect  means  of 
steam  distribution. 

The  author  traces  the  various  stages  of  development  of  the  compound 
steam  engine  up  to  the  time  when  modern  research  demonstrated  its  economy, 
but  thinks  that  in  spite  of  the  labours  of  modern  experimenters  the  informa- 
tion relating  to  this  type  of  engine  is  not  very  complete.  He  then  refers  to 
the  advocacy  of  quadruple  and  quintuple  expansion  by  some  engineers,  based 
on  the  assumption  that  the  more  the  difference  of  pressure,  and  consequently 
the  fall  of  temperature,  in  each  cylinder  was  reduced,  the  less  became  the 
internal  condensation  and  the  consumption  of  steam ;  experience,  however, 
docs  not  always  bear  this  out,  and  usually  expanding  three  times  is  considered 
sufficient.  He  refers  to  the  uncertainty  that  existed  as  to  the  correct  ratios 
of  cylinder  volumes,  which  to-day  usually  vary  from  26  to  3  for  the  ratio  of 
the  intermediate  to  H.P.  cylinder,  and  thinks  that  practice  has  had  more  to 
do  with  determining  this  ratio  than  theory. 

He  then  passes  on  to  examine  the  different  methods  of  utilising  the  steam 
in  order  to  give  a  minimum  consumption  per  I. H.P.  To  do  this  he  makes  use 
of  the  same  data  that  he  has  already  employed  in  a  former  paper  on  single 
cylinder  engines  ;  but  in  order  to  establish  a  comparison  between  multiple 
cylinder  engines  and  single  cylinder  engines,  he  assumes  that  the  expansion 
of  steam  follows  Mariotte's  law,  which  is  far  from  being  the  case  in  multiple 
cylinder  engines.  Under  these  conditions  he  calculates  the  steam  consump- 
tion per  I. H.P.  per  hour,  assuming  different  values  for  (1)  Ratio  of  cylinder 
volumes  ;  (2)  Cut  off ;  (3)  Initial  pressure  of  steam  in  cylinder  ;  and  then 
compares  under  these  conditions  engines  on  the  Woolf  system  and  those  with 
two  or  three  cylinders. 

Various  tables  are  given  in  the  paper  read  before  the  Socit^te  d Encourage- 
nunt,  showing  the  influence  of  these  several  points.  If  the  results  for  two- 
c^iinder  compound  engines  are  examined  it  will  be  seen  that  a  diminution  of 
cylinder  ratios  corresponds  (1)  To  an  increase  of  power  developed  by  the 
steam  in  the  first  cylinder  ;  (2)  To  a  corresponding  diminution  in  the  second 
cylinder  ;  (8)  To  an  increase  of  the  total  power  developed  by  the  two  cylin- 
dirrs ;  (4)  To  an  increase  in  the  weight  of  steam  condensed  in  the  first 
cylinder  ;  (6)  To  a  diminution  of   the   weight   of    steam   condcusiid  '\v\  V\v^ 
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igniting  devices  consist  of  two  classes  :  primary  and  secondary.  Primary 
igniters,  by  far  the  most  largely  used,  are  made  in  three  forms :  (1)  The 
striking  or  "  make  and  break  "  contact  employs  a  movable  point,  operated  by 
mechanism  outside  the  cylinder  to  strike  the  stationary  point,  and  can  be  ad- 
justed to  produce  ignition  at  that  part  of  the  stroke  which  gives  the  highest 
efficiency  with  the  given  combustible  mixture.  (2)  The  rotary  or  wipe  spark 
igniter,  which  has  great  wear  in  the  sliding  contacts  and  requires  frequent 
attention  to  keep  it  in  order.  This  form  gives,  with  the  same  consumption  of 
battery  power,  a  much  larger  spark  than  the  striking  or  make  and  break 
igniter.  (3)  The  make  and  break  inside  igniter,  which  has  the  movable  part 
attached  to  the  piston,  and  separated  from  the  insulated  stationary  rod  by  the 
forward  motion  of  the  piston,  thereby  igniting  the  mixture. 

In  the  second  class,  known  as  jump  spark  electrical  igniters,  there  is  an 
insulated  plug  through  which  pass  the  wires  from  an  induction  or  secondary 
coil  to  points  in  the  combustion  chamber,  J  to  W  inch  apart.  The  spark 
passes  through  this  air  space  when  the  primary  or  battery  circuit  is  closed. 

Experience,  on  automobile  and  yacht  engines,  has  shown  that  a  battery 
having  4^  to  6  volts  is  required  with  low  internal  resistance  to  give  8  to  16 
amperes.  Waste  of  current  is  prevented  by  having  the  spark  coils  of  suitable 
impedance,  which  may  double  the  life  of  the  battery.  Instead  of  the  old  style 
long  coils,  a  primary  coil  best  suited  for  high  speed  engines,  such  as  used  on 
automobiles,  should  not  exceed  6  inches  in  length  overall,  made  of  annealed 
Swedish  iron,  reannealed  after  cutting,  in  order  to  be  magnetised  and 
demagnetised  rapidly.  This  shortens  the  time  the  circuit  has  to  remain 
closed,  and  gives  economy  in  battery  power. 

Spark  coils  must  be  thoroughly  waterproof  for  good  insulation.  A  dry 
battery  is  sometimes  used  for  starting  an  engine  where  a  dynamo  or  magneto- 
generator,  driven '  by  the  engine,  gives  ignition  until  the  speed  is  reduced. 
The  high  speed  necessary  for  these  generators  produces  considerable  wear  of 
moving  parts. 

The  writer  considers  a  good  portable  closed  circuit  battery,  perfectly 
sealed  or  water-tight,  without  paraffin  oil,  is  not  only  more  economical  than 
the  dry  battery  and  dynamo  combination,  but  it  requires  less  care  in  the  rough 
usage  of  engines  on  carriages  and  boats.  W.  R. 

AUTOMOBILISM. 

1549.  Retiaux  Motor  Tricycle.  (Automotor  Journal,  4.  pp.  379-381,  May, 
1900.) — A  full  description,  with  illustrations  from  La  France  Automobile,  of  a 
motor  tricycle  in  which  the  differential  gearing  is  incorporated  into  the  motor 
itself  and  in  which  the  motor-shaft  is  practically  in  line  with  the  transmission 
gear  and  with  the  driving-wheel  axles.  The  motor  is  arranged  to  form  a 
portion  of  the  framework  of  the  cycle  and  it  is  fitted  with  roller-bearin^^s 
throughout  (including  the  crank-pin).  The  differential  gear  is  formed  by  a 
planet  pinion-wheel,  which  is  mounted  in  bearings  in  the  crank-pin  and  which 
meshes  with  (and  drives)  pinion  wheels  upon  the  two  driving  axles.  The 
crank-pin  is  secured  to  two  Hy-wheels  which  run  independently  from,  and 
concentrically  about,  the  driving  axles.  Rack  (internal)  and  pinion  transmis- 
sion gearing  are  used  for  reducing  the  speed  of  the  driving-wheels,  relatively  to 
the  motor-speed.  The  motor  has  a  single  cylinder,  90  mm.  bore  x  90  mm. 
stroke,  and  develops  about  3}  H.P.  at  1,400  r.p.m.  Tlic  weight  of  the 
tricycle  is  about  140  kg.  A  Longuemare  carburettor  is  used  and  a  ^\^^ 
tension^  variably  timed,  ignition  device  is  employed.  X.  O."*^ 
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in  this  table  /  is  the  duration  of  the  experiment.  In  order  to  6nd  the  per- 
centage decomposition  (copper  equivalent  to  acid  oxidised,  copper  equivalent 
to  total  coulombs)  at  the  moment  of  closing  the  circuit,  i.e.,  when  (  =  0,  the 
author  plots  the  percentage  decomposition  against  the  equivalent  of  copper 
for  each  series  (as  shown  in  the  figure),  and  produces  the  curves  so  obtained 
back  to  the  axis. 
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To  obtain  from  the  above  table  the  comparative  results  a  series  of  com- 
parable experiments  with  an  anode  of  kntnim  surface  were  necessary.  These 
were  carried  out  under  conditions  similar  to  those  under  which  the  above 
table  was  obtained  with  a  lead  plute  of  0'8S8  sq.  dcm.,  folded  up  to  resemble 
a  ribbed  plate  of  0222  sq.  dcm.  apparent  surface,  and  the  results  give  rise  (o 
curve  W  in  the  diagram. 

Estimates  made  from  the  last  series  of  experiments  <rf  the  experimental 
error  involved  in  the  method  show  that  it  does  not  exceed  6-0  per  cent. 

R.  N.  L. 

1664.  Sliding-scaU  F.leclricily  Meters.  Kusminsky.  (Zeitschr.  Eleklnv 
'  ■:hn.,  Wten,  18.  pp.  1&8-159 ;  Discussion,  pp.  Ifi»-ia0,  Ifarch  »,  VKD.)— 
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The  first  of  these  meters  discussed  is  that  of  L.  Zahn.  This  is  of  the  Aron- 
type,  and  has  a  mechanical  clutch  controlled  by  a  clock,  which  effects  the 
throwing  into  and  out  of  gear  of  mechanism  for  varying  the  number  of  revo- 
lutions made  by  the  counting  train. 

On  the  meter  case  is  mounted  a  second  case,  which  contains  an  inde- 
pendent clockwork  movement  which,  in  twenty-four  hours,  rotates  a  wheel  a 
through  one  revolution.  This  wheel  is  provided  around  one-half  with  hour 
marks  XII  to  I,  and  has  holes  b  to  receive  pins  c.  Near  this  wheel  is  freely 
mounted  a  wheel,/,  having  arms,  g,  and  rigidly  secured  to  a  cam- wheel  having 
four  projections,  m,  and  four  depressions,  //.  If  a  pin  be  inserted  into  one  of 
the  holes,  b,  in  the  rotation  of  the  wheel,  a,  this  pin  strikes  against  an  arm,^,  of 
the  wheel,  /,  and  turns  it  through  one  division,  together  with  the  cam-wheel, 
which  causes  a  double-armed  lever,  /,  to  oscillate  and  throw  over  a  clutch, 


whereby  a  different  counting  train  is  thrown  into  action.  By  placing  the  pin, 
cT,  in  one  or  other  of  the  holes,  the  time  at  which  this  change  takes  place  can  be 
varied  as  desired. 

An  instrument  is  constructed  by  the  (icncral  Electric  Company,  having 
two  meters,  of  which  one  runs  continuously  and  registers  the  amount  to  be 
paid,  whilst  the  other  is  only  thrown  into  gear  at  predetermined  times  and 
registers  the  excess  charge. 

The  Union-Elektricitats-Gesellschaft  has  a  meter  in  which  the  brake- 
magnet  exerts  a  greater  retarding  force  during  the  day  than  in  the  evening. 

In  the  discussion  the  fact  was  referred  to  that  the  movable  coil  of  a 
Deprez-d'Arsonval  galvanometer  will  act  in  a  similar  manner  to  a  condenser 
if  the  moment  of  inertia  of  the  movable  coil  and  the  periodicity  of  the 
alternate-current  are  very  low  and  the  strength  of  the  field  very  h\g]l\. 

C,VL.V 
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controlled  in  this  way  :  it  is  now  running  as  a  shunt-wound  motor,  and  its 
speed  will  depend  on  the  field  intensity.  If  the  currents  on  the  polyphase 
side  lag  behind  the  E.M.F.,  the  field  may  be  greatly  weakened,  and  the  speed 
may  rise  to  a  dangerous  extent.  Similarly,  a  drop  of  speed  may  result  from 
leading  currents  due  to  capacity  in  the  mains  or  some  other  cause.  In  order 
to  prevent  such  fluctuations  in  speed,  and  avoid  the  risk  of  speeds  exceeding 
the  safe  limit,  a  very  ingenious  arrangement  has  been  devised  by  B.  G. 
Lammc,  and  has  been  applied  in  several  instances  by  the  Westinghouse 
Company.  It  consists  in  separately  exciting  the  converters  by  means  of  a 
shunt-wound  machine,  whose  armature  is  mounted  on  the  converter  shaft, 
and  which  is  normally  worked  well  below  the  bend  in  the  magnetisation 
curve,  so  as  to  be  extremely  sensitive  to  very  small  changes  in  the  speed. 
Any  tendency  towards  an  increase  of  speed  is  immediately  checked  by  a 
very  rapid  rise  in  the  P.D.  of  the  exciter  and  consequent  increase  in  the 
exciting  current  of  the  converter.  A  similar  action  in  the  opposite  direction 
takes  place  when  the  speed  tends  to  decrease.  The  arrangement  has  been 
found  to  give  thoroughly  satisfactory  results.  A.  H. 

1676.  Rotary  CorweHcrs.    H.  S.  Meyer.    (Elektrotechn.  Zeitschr.  21.  pp. 
267-269,  April  5,  1900.     Translated  in  El.  Eng.  25.  pp.  618-620,  May  4,  1900.) 
— The  author  briefly  discusses  the  uses  of  rotary  converters,  and  considers 
the  various  methods  of  excitation.     The  shunt  winding  is  suitable  where 
special  arrangements  are  provided  for  regulating  the  P.D.  at  the  ends  of  the 
various  feeders  on  the  continuous- current  side.     More  commonly,  however, 
the  compound  winding  is  used,   by  means  of  which  an  increase   of   the 
terminal  P.D.  may  be   obtained  with   an  increase  of  load.     This  effect   is 
brought  about  by  the  varying  phase-displacement  of  the  current  relatively  to 
the  P.D.     With  light  loads  the  current  should  be  a  lagging  one,  and  with 
heavy  lo^ids  a  leading  one.     Between  the  converter  terminals  and  the  three- 
phase  supply  mains  are  inserted  suitable  choking  coils,  by  the  action  of  which 
a  leading  current  causes  a  rise  of  P.D.  across  the  converter  terminals,  while  a 
lagging  current  causes  a  fall  of  P.D.   Frequently  the  line  itself  has  a  sufficient 
amount  of  inductance  to  provide   the  necessary  regulation,  and   then   the 
choking  coils  may  be  dispensed  with.     It  is  to  be  noted  that  an  increase  in 
the  excitation  per  sc  is  unable  to  cause  any  change  in  the  P.D.,  for  the  ratio 
of  the  continuous  to  the  alternating  P.D.  is  perfectly  definite,  and,  though 
slightly  variable  with  the  load,  is  independent  of  the  excitation.     A  third 
method  of  excitation  consists  in  omitting  the  field  winding  entirely,  so  that 
the   excitation   is  furnished  bv  the  armature   current.     On  account   of  the 
extremely  heavy  wattless  currents,  and  consequent  low  power-factor,  this  form 
of  converter  can   hardly  be  expected  to  find  any  application    in  practice, 
except  in  cases  where  cheapness  of  construction  is  of  paramount  importance. 
The  author  finally  deals  with  inverted  rotaries  (sec  preceding  Abstract).     In 
order  to  prevent  racing,  these  machines  should  be  over-excited  and  furnished 
with  centrifugal  regulators  for  cutting  off  the  supply  of  current  when  the 
speed  exceeds  a  certain   limit  ;   or  the  device  described  in  the  preceding 
Abstract  mav  be  used.  A.  H. 

REFERENCE. 

1677.  Double-Wound  Armatures.  A.  D.  Adams.  (Amer.  Electn.  12.  pp.  121- 
UB,  Mardi,  1900.) — ^The  author  describes  different  kinds  of  double-wound  armatures. 
and  diiciuses  their  various  qses,  A.  H,  A. 
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ing  boosters  increase  the  voltage  to  280.  The  car-charging  barn  contains  six 
trucks  and  90  charging  benches.  The  rails  are  of  the  Broca  type,  47  kg.  per 
metre,  16  cm.  deep,  14  cm.  broad  at  bottom.  The  29  mm.  groove  was  too 
narrow  on  curves  and  had  to  be  increased  by  about  7  mm.  There  are  52 
motor  cars  fitted  with  15  H. P.  250- volt  motors,  and  108-150  ampere-hour  cells, 
weighing  8,800  kg.  with  acid,  grouped  in  series  or  parallel  by  the  controllers, 
by  which  the  speed  can  be  varied  from  two  to  twenty  miles  per  hour.  The 
acid  injures  the  cars.  The  town  receives  17*5  per  cent,  of  the  gross  receipts. 
The  manufacturers  maintain  the  cells  for  I'ld.  per  car  mile.  J.  T.  R. 

1588.  Copenhageft  Electricity  Works.  C.  G.  Hoest.  (Elektrotechn.Zeitschr. 
21.  pp.  868-872,  May  10,  1900.>— A  description  of  the  central  station  for  light 
and  power  erected  by  the  city  authorities  of  Copenhagen  for  supplying  the 
suburbs  as  well  as  the  city  proper.  Peculiar  circumstances  affecting  this 
are  referred  to. 

The  system  adopted  is  three-wire  continuous  current.  A  large  storage 
battery  is  installed,  the  voltage  for  light  and  power  being  arranged  at  220 
volts,  and  that  for  tramways  at  250  volts.  The  division  of  the  voltage  of  the 
g^erator  is  effected  by  means  of  the  accumulator.  The  buildings  are 
designed  for  an  extension  to  three  times  the  demand  for  which  provision 
is  now  made.  At  present  the  H.P.  is  4,400,  of  which  570  can  be  supplied 
by  the  2u:cumulator.  The  accumulators  are  of  the  Tudor  type,  with 
a  maximum  discharge  rate  of  1,908  amperes  for  three  hours.  A  somewhat 
special  arrangement  for  working  the  regulating  switches  in  the  end  cells  in 
both  charge  and  discharge  is  described,  and  a  diagram  given  of  the  switch- 
board connections. 

Babcock  and  Wilcox  boilers  are  used,  and  are  fitted  with  induced  steam 
draught  on  Granger's  system  for  burning  small  coal.  The  feed-water  is  taken 
from  the  mains  of  the  Copenhagen  Water  Company,  and  is  first  put  through 
a  cleanser  in  which  a  mixture  of  lime  and  soda  causes  a  deposition  of 
deleterious  matter  without  heating.  Large  reservoirs  are  provided  for  the 
cleansed  water  from  which  the  feed-pumps  take  the  supply.  E.  C.  S. 

1689.  Perth  (W.A.)  Electric  Tramways.  (Street  Rly.  Journ.  16.  pp.  288-293, 
April,  1900.) — System  :  Overhead  trolley.  The  boiler-room  contains  Babcock 
and  Wilcox  boilers,  working  at  160  lbs.  pressure.  Water  is  obtained  from  an 
artesian  well  which  has  a  capacity  of  375,000  gallons  per  day.  The  engines 
ar€  tandem,  compound,  of  800  H.P.  each,  built  by  the  Robb  Engineering 
Company,  Nova  Scotia.  They  are  direct  coupled  to  (leneral  Electric 
generators,  yielding  550  volts  at  160  r.p.m.  The  plant  is  run  non-condensing 
at  present,  but  arrangements  are  made  for  installing  condensers  in  the  future. 

The  overhead  line  work  consists  of  wrought-iron  tubular  poles  of  4  in., 
5  in.,  and  6  in.  sections,  set  in  the  ground  to  a  depth  of  6  feet,  and  embedded 
in  concrete.  They  are  fitted  with  a  malleable  iron  four-pin  cross-arm.  Cup 
and  cone  hangers,  15  in.  ears,  wooden  span- wire  insulators,  No.  00  trolley 
wires,  and  No.  000  feeders  are  used  throughout  the  work.  Great  difficulties 
were  experienced  in  the  erection  of  the  overhead  work,  chiefly  due  to  the 
large  number  of  electric  light,  telegraph,  and  telephone  wires  over  the  streets. 
At  one  street-crossing  no  less  than  750  wires  were  found,  the  lowest  of  these 
being  only  15  feet  above  the  head  of  the  rail.  In  some  cases,  some  of 
these  wires  were  cabled,  but  the  greater  part  of  the  work  necessitated  the 
setting  of  higher  poles  and  the  raising  of  the  cables  and  wires. 

The  rails  used  are  9-inch,  84-lb.  grooved  girder,  80-feet  lengths  ;  the  ^omV- 

VOL.  IIL  2R 


608 


SCIENCE  ABSTRACTS. 


< 

o 

H 


b3 
CO 

< 


I 

S 


cu 


Vi 


< 

s 


3  -^   ^'S  «  © 
="   u.   >  «T3 


•O  O 


1> 


6  j=  ■  o  .2 


^  .t:  rj  eft 


4> 


u   0)     >   -  — 


^   3 


111 


sSSg 


iiS 


c  . 

cu 


81-1  T-«  C5  t* 
"^  c^  t>  »o 

'«♦'  Ci  05  C^  O 
f  1-1 

M         »         ••         »         •»         ^ 

■^  -<#  <^  "^^  -^  O 


05  t*  C<l 

C9  '^  '^ 


O  i-H  t-  -xt*  00  C^ 

iH  to  t>  iH  O  -^ 
00^  00  Oi^  00  O  05 

t>  l>  00  c<f  o  of 

CO  00  t>  ib  "<»•  -.^ 

"^  CO  ■<#  ^  »C  "^ 

^         #»         »         #k         »t        » 

CO  CO  00  CO  CO  CO 


o  t-  05  C9  1-1  e^ 

'-I  t*  1-1  go  cfl  ■^ 

C^  tH  tH  O  «  « 

«h        •»       «k        «k        »        •» 

00  Q  05^0  MS  Q 

1-)  ^  t«  o  O  1-1 
•^  lO  to  ;0  CO  t« 


i/  c 


en 

e 
H 


"88 


t-^  CD  O  O 
t*co  «o  «o  t* 


^  CI  CO  >C  CI 
00  00  00  CO  ^ 


00 

o 
of 


o«  C©  "#  CO 

SCO  »6  t^ 
^  <N  05 


Ol 


1-1  t-  **  O  CO  •-< 
•H  «  iH  t*  O  ^ 


O  CO  00 
IC  Md  O 


to  »o 


O  >AOi 


Ol  Ol 

05cb 

VB  V>  Vk  V»  «k  •» 

00  oo  CO  ^  00  •^ 


SS" 


_      oqeSo 

C4  lO  O  O  1-1  »o 

_  ^  »  M  •»  Vh  «k 


»-4  t>  C4  lA  t>  ^ 

'^  ooqp  « t-"^ 

»0  05  CO  05^05  t^ 
C^  04  CO  oo  oo  00 


"5  ** 

Cxi 


C5  O  CO  00  -^  t- 
»o  "^  tr  »-•  <N  o 
•^  05  o  cfl  CO  o 

••         ^         •»         •»         •»  •» 

i-«  C«  «  00  00  >o 
Oi  Ol  OI04  0$  ^ 


s 


■^  GO  ^ 
•-•05  10 
CO  -^  00 


»0  lO  >0  lO  to  lO 


8Cq  t-1^  Qr-I 
05  "^  t-  O*  t« 
C^'^C<l^'^»0 '^^ 

ef  CO  CO  CO  t-Totf 


I      w 


(A 


o       X       C 

cu     U     K 


.9-u.So 


SOI  «  lO  00 
00  ^  t'-  05 

•  ••••• 

0>  1^  0>  t*  ^  00 
(O  CO  lO  lO  CO  (O 


05  IO00OIC4  Ol 

f  C^  CO  »H  CO  "^ 


-^  (»  »o  lOCO  »o 
CO  2)  CO  *;<  «  05 

lb  CO  CO  CO  CO  <z> 
to  >o  >o  >o  >o  >o 


05  qp  C9  GO  t*  kO 
t-O  t-qo  cp05 

•^  o  ^  ^  ^  ^ 


»OCO    00  05  t- 
fH  CO  iH  C)  CO  00 


O  05 
I     •   •   • 

OIC9  ^ 


•b  to  o 


3S 


00  »H  rH  Ofl    »-« 
fH  op  CO  05  »^  t- 

Tt«  4h  -Tf*  -^  lb  oo 


SCO  <N  GO  t*  -^ 
^  05  55  »^  00 

CO  lb  lb  lb  CO  lb 


^  lO  OOOOOD  00 
t«  *H  vH  F-t  CO  05 

•  •  •  •  •  • 

lO  t*  t-  t-  t*  t- 


1-^2 


M    ^ 


OD  m  09  C9  <N  C9 


^  t*  ^  00 
t*  t>  t*  lO 


8C^  t*  i-<  lO 
t>  CO  05  t- 

«  «  «  O^  (N  « 


"*  52  2!  05  © 

t^  C9  05  t«  05  00 

•  •  »  •^         •  • 

O  '^  O  O  O  '-» 


s 


•-•0^05  6*05 
^  -4  lO  lO  fc«  -^ 

lb  lb  ib  lb  lb  lb 


Sop  00  t-  -^  o 
O  O  »-•  *H  o 

CO  CO  CO  CO  CO  CO 


StOGDOp  to  t- 
«o  O  "^  »p 

tH  »H  6»  <N  O*  Ol 


05  00  CO  00  CO  t- 
01  00  <^  lO  "^  « 

666666 


fco  00  CO  CO  00  00 
lO  ^  lO  O  '^  ^ 

666666 


CO  00  ^  ^  ^  51 

•  •  •       •  •  • 

oooooo 


6it 

'in 

-  Cft, 


C^  *H  CO  -^  »^  t* 

"^  t>  05  C5  CO  -^ 

•  ••••• 

CO  00  CO  CO  ^  ^ 


n 


w:  O' 


(A 


CO  05  '^         05 
00  1-i  OC  1-i  00  Ol 

•  ••••• 

iH  Ol  »H  Ol  »H  1-1 


I 


t*  ^  00  00  05 

S  «  SS  2  S 

00  X  00  00  00 


i  'S  ^  J « J 

5  w  5  i>  5  « 


t*00 


05 

Sao 


^  u  g  6  «  y 
5  **  5  ^  5  4> 


"3  §  S  §3  S 

>     >■     »»     l>     H      l>     » 


^2y 


2  <  -  ' 

2  «  2  5 

sis? 


5    "^aeg 


^  00  Sep  ss 

6  lb  lb  lb  lb  lb 

28oSS8 

Ol  Ol  cb  Od  09  00 

1 

O5(5coe0O5 1* 

lO  CO  t->  00  C«  CO 

•       «        •       •          •     • 

oooooo 

00  t*  t»  3d  00  fco 

•         «•••• 

oooooo 

ELECTRICAL  DISTRIBUTION,  TRACTION   AND  LIGHTING.       613 

of  the  same.  Taking  the  former  value,  each  consumer  must  pay  £6  4s.  per 
kw.  per  annum  +  generating  costs.  In  Glasgow  this  may  be  done  by  paying 
twelve  monthly  instalments  of  10s.  4d.  per  kw.  +  ^d*  per  unit,  or  4d.  on  each 
of  865  units  per  kw.  +  ^>  per  unit,  i.e.,  6d.  per  unit  for  8d5  hours'  use  of  the 
maximum  demand  per  annum,  and  2d.  per  unit  afterwards.  Customers  who 
agree  to  pay  for  1,825  hours'  use  of  the  maximum  demand  per  annum  are 
charged  a  uniform  rate  of  2d.  per  unit. 

A  comparison  with  the  corresponding  charges  in  the  Gas  Department  is 
given,  showing  that  the  maximum  demand  system  is  inapplicable  to  •  the 
latter. 

The  author  next  points  out  certain  reductions  likely  to  be  made  in 
the  future,  making  a  capital  cost  j£65  per  kw.,  and  the  standing  charges 
£8  17s.  per  kw.  instead  of  dB6  4s.  The  prices  might  then  be  8Jd.  and  IJd. 
per  unit,  or  Is.  8d.  per  annum  per  8-c.p.  lamp  fixed  +  lid.  per  unit  supplied. 
If  a  uniform  rate  per  unit  is  adopted,  it  must  be  different  for  different  classes 
of  consumers,  according  to  their  probable  hours  of  use.  A  comparison  of 
the  charges  in  various  towns  on  the  maximum  demand  system  is  given,  with 
a  diagram,  and  the  paper  ends  with  a  number  of  tables. 

In  the  discussion  H.  A.  Mavor  pointed  out  that  in  private  installations 
distribution  costs  are  absent,  and  labour  charges  less  than  in  central  stations, 
and  £.  G.  Tidd  considered  the  depreciation  rates  too  high.  In  reply, 
W.  W.  Lackie  said  that  in  a  central  station  only  half  as  much  plant  need 
be  installed  as  would  be  required  in  an  isolated  installation.  A.  H.  A. 


REFERENCES. 

1606.  Drop  in  Alternate  Current  Mains.  L.  Fleischmann.  (Elektrotechn. 
Zeitschr.  21.  p.  255,  March  29,  1900.) — A  short  paper  in  which  the  author  develops 
analytically  expressions  for  the  drop  of  potential  along  alternating-current  mains, 
when  transmitting  power  to  an  inductive  load  of  given  power-factor.  A.  H. 

1W7.  Accumulators  for  Motor  Cars.  E.G.  Rimington.  (Automotor  Journal, 
4,  pp.  108-109,  Dec,  1899  ;  pp.  141-142,  Jan.,  216-218,  Feb.,  253-254,  March,  1900.) 

1608.  French  Electric  Tramways.  (Ind.  Elect.  9.  pp.  113-120,  March  25,  1900.)— 
This  article  contains  a  table  giving  particulars  about  the  various  electric  tramways 
and  railways  in  France. 

1609.  Central  Electric  Supply  Company.  (Elect.  Engin.  26.  pp.  669-661,  April  20, 
1900.) — An  abstract  of  the  specification  prepared  by  Kennedy  for  work  in  connection 
with  the  above  Company. 

1610.  Overhead  Line  Construction.  A.  B.  Herrick.  (Street  RIy.  Journ.  16. 
pp.  235-236,  March,  1900.)     [See  also  Abstract  No.  786  (1900).] 

1611.  Construction  of  Overhead  Equipments.  (Elect.  Rev.  46.  pp.  303-304,  Feb. 
23,  341-342,  March  2,  430-431,  March  16,  and  598-599,  April  6,  1900.)— A  series  of 
articles  dealing  with  the  various  details  from  the  practical  point  of  view. 

1612.  Zurich  Electric  Tramways.  J.  S.  Edstrdm.  (Elektrotechn.  Zeitschr. 
21.  pp.  323-328,  April  26,  1900.)— A  detailed  description  of  the  Zurich  tramways. 
Eleven  illustrations  are  given  of  the  generating  plant,  various  forms  of  rail  bonds, 
feeder  boxes,  the  cars,  and  controller  arrangements,  &c.  E.  K.  S. 

1613.  American  Types  of  Autotttobiles.  (Elect.  World  and  Engineer,  35.  pp. 
427-480,  March  24,  1900.)— Detailed  account  of  Riker  motor  cars.  [See  also 
Abstract  No.  1220  (1900).] 
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brake  levers  by  means  of  a  hand  wheel  and  screw,  so  that  the  tension  on 
the  cable  may  be  varied  through  a  considerable  range  without  adding  or 
deducting  any  weights.  The  two  brakes  can  be  released  bodily  by  means 
of  a  hand  wheel  and  worm  gear,  and  they  can  also  be  adjusted,  so  that  both 
act  simultaneously  or  otherwise. 

The  dynamometer  of  Johnson  and  Phillips  consists  of  a  sheave  with  a 
carrier  sliding  on  a  central  cylindrical  tubular  column  :  this  column  acts 
as  a  dash-pot  by  having  a  piston  working  inside  thereof  in  oil  or  soapy 
water.  In  addition  there  is  a  spring  placed  inside  the  column  which  comes 
into  action  during  the  lighter  tensions  on  the  cable,  so  that  as  the  spring  is 
compressed  the  moving  weight  is  correspondingly  lessened.  This  enables  a 
greater  scale  range  throughout  the  lower  stresses,  and  the  corresponding 
scale  readings  are,  therefore,  not  directly  determined  by  the  usual  dynamo- 
meter formula,  but  by  actual  trial.  E.  O.  W. 

1619.  Selective  Signal  and  Privacy  Switch  for  Party-Line  Telephones, 
H.  S.  Webb.  (Amer.  Electn.  12.  pp.  189-141,  March,  1900.)— The  author 
describes  a  method  by  Barrett  whereby  six  subscribers  may  be  connected 
on  the  same  pair  of  wires  and  the  ground  circuit  as  before.  Means  are 
provided  for  preventing  cutting-in  and  overhearing.  The  six  subscribers 
comprise  three  groups  of  two  each,  two  stations  in  each  group  being  similar 
but  called  up  by  currents  of  opposite  polarity.  There  are  eight  keys  in 
the  exchange,  the  first  six  for  selectively  calling  any  one  of  the  six  sub- 
scribers, the  seventh  for  restoring  the  connection  of  the  receivers  at  all  six 
stations  on  the  line,  and  the  eighth  for  disconnecting  or  barring  all  telephone 
receivers  from  the  line.  Supposing  the  two  lines  to  be  denominated  A  and  B, 
a  positive  current  from  the  Exchange,  returning  through  earth,  will  ring  up 
station  1,  the  other  being  unaffected  ;  a  negative  current  in  the  same  circuit 
will  ring  up  station  2  ;  similarly  positive  and  negative  currents  through 
line  B  and  to  earth,  will  ring  up  stations  3  and  4  respectively ;  finally  a 
positive  current  through  A  returning  through  B  or  vice  versa  will  ring  up 
stations  5  and  6  respectively.  At  the  exchange  the  first  step  in  calling  is  to 
depress  the  eighth  key  and  send  negative  currents  over  A  and  B  to  earth 
at  every  station  by  which  all  the  receivers  are,  by  the  peculiar  winding  of 
electromagnets  and  arrangements  of  armatures,  locked  out,  and  **  engaged  *' 
annunicators  displayed.  Then  the  operator  rings  the  desired  station  by 
depressing  the  appropriate  key.  When  conversation  is  finished  the  seventh 
key  is  operated  at  the  exchange,  sending  a  positive  current  over  both  lines 
to  earth  at  all  stations,  thereby  connecting  again  all  the  receivers  to  the 
line,  and  again  concealing  the  "  engaged "  annunicators.  To  call  up  the 
central  exchange  the  subscriber  merely  takes  down  his  receiver.  In  doing 
so  the  hook  switch  momentarily  connects  line  A  to  earth,  which  affects  a 
differentially  wound  annunicator  at  the  exchange.  The  connections  and 
windings  are  fully  illustrated  in  the  article.  E.  O.  \V. 

REFERENCE. 

1620.  lypC'pnutinglnstrumaih.  Raps.  (Elcktrotechn.  Zeitschr.  21.  pp.  2W- 
300,  April  12,  1900.) 
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1621.  Automatic  Sprengel  Pump.  W.  Donle.  (Zeitschr.  Instrunientenk, 
20.  pp.  78-^2,  March,  1900.) — This  paper  describes  a  form  of  Sprengel 
vacuum  pump  with  one  fall-tube  in  which  the  mercury  is  raised  again  to  the 
high  level  by  means  of  an  ordinary  aspirator.  In  order  to  raise  the  mercury 
through  the  necessary  height,  which  is  greater  than  the  barometric  height,  it 
is  sucked  up  by  the  aspirator  at  a  greater  rate  than  it  is  supplied  by  the  fall- 
tube,  thus  making  the  mercury  column  in  the  suction-tube  a  broken  one,  with 
bubbles  of  air  between  the  mercury  threads  similar  to  the  column  in  the 
fall-tube.  J.  B.  H. 

1022.  Pendulum  with  Constant  Electric  ConiroU  C.  F6ry.  (Comptes 
Rendus,  180.  pp.  1248-1250,  May  7,  1900.)— -The  pendulum  is  kept  in  regular 
motion  by  means  of  a  special  transformer  that  gives  induced  currents,  which 
carry  a  quantity  of  electricity  independent  of  the  battery,  and  which  can  be 
regulated  at  will.  G.  E.  A. 

1623.  Hardness  of  Elements.  J.  R.  Rydberg.  (Zeitschr.  Phys.  Chem. 
83.  pp.  85a-^59,  May  2,  1900.)— The  author  has  collected  and  compared  all 
available  information  as  to  the  hardness  of  the  elements,  and  expresses  the 
results,  according  to  Mohs'  scale,  in  the  form  of  a  table  and  curves.  The 
hardness,  like  many  other  physical  properties  of  the  elements,  is  shown  to  be 
a  periodic  function  of  the  atomic  weight.  N.  L. 

1624.  Relative  Effusion  of  Argon,  Helium,  and  other  Gases.  F.  G.  Donnan. 
(Phil.  Mag.  49.  pp.  428-446,  May,  1900.  Paper  read  before  the  Physical 
Society  of  London.) — This  paper  gives  the  results  of  an  experimental  investi- 
gation of  the  relative  effusions  of  argon,  helium,  and  other  gases.  The  gases 
passed  from  one  vessel  into  another,  previously  evacuated,  through  a  very 
^mall  hole,  and  the  time  taken  for  the  pressure  in  the  receiving  vessel  to  rise 
from  zero  to  a  certain  amount  was  measured.  The  paper  begins  with  a 
discossion  of  the  mathematical  treatment  of  the  subject,  and  then  describes 
the  apparatus  used  in  the  investigation  ;  but  for  this  as  well  as  for  an  account 
of  the  difiBculties  met  with  in  the  investigation,  reference  must  be  made  to 
the  ffstper, 
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as  shown  by  solids,  and  there  is  also  an  inversion  from  one  illusory  image  to 
another  as  shown  by  plane  figures.  (4)  The  inversion  in  solids  is  accom- 
panied by  four  distinct  phenomena,  viz.  :  (i)  Changing  of  the  intensity  of  the 
light,  tone,  colour,  and  form  of  the  object  observed  ;  (ii)  the  duration  of  the 
image ;  (iii)  the  movement  of  the  image ;  and  (iv)  the  inclination  of 
the  image  ;  this  latter  being  a  function  of  the  angle  at  which  the  eye 
observes  the  object.    An  explanation  of  the  cause  of  inversion  is  given. 

G.  E.  A. 

1632.  Complementary  Inlerference  Fringes.  O.  Lummer,  (Preuss.  Akad. 
Wiss.  Berlin,  S.ber.  24.  pp.  604^18,  May  8,  IQOO.}— If  one  looks  at  a  bright 
surface  through  two  right-angled  prisms  placed  with  their  hypothenuses 
together,  but  separated  by  a  thin  film  of  air,  and  if  the  eye  is  focused  for 
parallel  rays,  one  sees  a  system  of  interference  fringes  parallel  to  the  line 
bounding  the  area  of  total  reflection.  The  present  paper  contains  a  study  of 
these  fringes,  and  the  author  has  discovered  that  in  reflected  light  two 
systems  of  fringes  are  obtained,  one  system  being  the  complementary  of  the 
other. 

The  method  of  experimenting  is  seen  in  the  diagram.  The  double  prism 
BD  is  mounted  on  the  table  of  a  goniometer,  of  which  S  is  the  collimator 

t^g.  1. 


and  F  the  telescope,  both  focusscd  for  parallel  rays.  The  slit  is  illuminated 
by  an  Aron's  mercury  lamp.  S|  is  a  slit  diaphragm,  and  S*  a  screen  with 
which  any  number  of  the  reflected  beams  1,  2,  3,  &c.,  may  be  cut  off.  If  S| 
is  absent,  then  the  field  to  the  right  of  R  appears  brightly  illuminated  by  the 
totally-reflected  light  of  the  lamp,  and  to  the  left  of  R  the  interference 
minima  appear  on  a  blue  white  ground,  the  fringes  t>eing  coloured  from  the 
different  wavc-lenglhs  present  in  the  mercury  light.  If  St  is  now  placed  so 
as  to  cut  off  the  beams  1  and  2  the  field  changes  to  the  complementary  ;  the 
field  to  the  right  of  R  appears  dark,  while  to  the  left  of  R  on  a  dark  ground 
bright  interference  maxima  appear. 

The  theory  of  the  phenomena  is  fully  explained  in  the  paper.  J.  B.  H. 

1633.  spherical  Aberration  in  Double  Achromalic  Obftctives.  W.  Haill- 
neas.  (Amer.  Journ.  Set.  9.  pp.  287-291,  April,  1900.  Paper  read  before  the 
Philosophical  Society  of  Washington  in  a  slightly  different  form,  Oct.  98, 
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1893.) — ^The  main  part  of  this  paper  is  devoted  to  proving  that  in  any  thin 
lens,  if  the  spherical  aberration  is  completely  corrected  for  all  objects 
situated  in  the  axis  of  the  lens,  then  the  oblique  aberration  will  also  be 
completely  corrected. 

The  problem  of  obtaining  equally  good  definition  all  over  the  field  of  view 
is  thus  reduced  to  the  problem  of  making  the  destruction  of  spherical  aberra- 
tion for  axial  rays  independent  of  the  distance  of  the  radiant  from  the 
telescope.  This  problem  was  solved  by  Herschel  in  1821,  so  that  objectives 
made  according  to  his  rules  will  give  good  definition  throughout  a  wider 
angle  than  any  other  double  achromatic  objective.  J.  B.  H. 

1634.  Anisotropic  Prisms,  C.  Viola.  (Accad.  Lincei,  Atti,  9.  pp.  196-204, 
March  18,  1900.)^The  author  deals  with  prisms  made  of  uniaxial  or  biaxial 
crystals  obeying  Fresnel's  laws.  He  decomposes  the  total  deviation  of  the 
incident  beam  into  two  components,  termed  the  longitudinal  and  the  lateral 
deviations  respectively,  and  proves  the  following  theorems  :  (1)  The  minimum 
deviations  for  a  given  value  of  the  azimuth  occur  in  the  case  of  a  plane  wave 
parallel  to  the  first  bisectrix  of  the  prism.  (2)  The  lateral  deviation  is  zero 
when  the  plane  wave  is  parallel  to  the  first  bisectrix  or  to  the  edge  of  the 
prism.  (3)  When  the  plane  wave  is  parallel  to  the  edge  of  the  prism  the 
minimum  deviation  is  the  absolute  analytical  minimum  of  all  the  deviations 
possible  in  an  isotropic  prism.  (4)  The  wave  plane  parallel  to  the  first 
bisectrix  of  the  prism  gives  a  minimum  deviation  when  it  is  normal  to  a 
plane  of  symmetry  of  the  crystal.  (5)  In  such  a  case  the  lateral  deviation 
is  zero,  as  in  the  case  when  the  wave  plane  is  parallel  to  the  edge  of  the 
prism.  Theorems  (4)  and  (5)  offer  a  new  and  simplified  method  for  deter- 
mining the  indices  of  refraction  of  a  bi-refracting  prism.  For  when  the 
lateral  deviation  is  zero  the  minimum  deviation  and  the  azimuth  are  sufficient 
to  determine  the  principal  index  of  refraction.  E.  E.  F. 

1635.  Forntulce  for  Lenses.  L.  Pfaundler.  (Akad.  Wiss.  Wien,  S.ber. 
108.  pp.  477-489,  1899.) — This  paper  contains  a  criticism  of  the  nomenclature 
with  regard  to  lenses  which  was  first  introduced  by  Gauss,  and  is  now  in 
general  use.  The  criticism  applies  particularly  to  the  terms  "  convergent " 
and  *'  divergent."  For  very  thick  lenses  this  nomenclature  is  misleading,  and 
the  author  in  this  paper  investigates  all  the  possible  cases.  He  shows  that  a 
lens  is  convergent  or  divergent  not  according  as  the  second  focal  length  is 
positive  or  negative  (Gauss),  but  according  as  the  distance  between  the  second 
focus  and  the  second  surface  (Schnittweite)  is  positive  or  negative,  and  he 
advocates  the  division  of  lenses  into  positive  and  negative  accordingly.  A 
lens  is  best  represented  by  its  radii  of  curvature,  and  these  he  calls  4-  or  — 
according  as  the  centre  of  curvature  is  in  the  direction  of  motion  of  the  light 
or  the  reverse.  A  lens  may  be  completely  represented,  then,  by  two  pluses 
or  two  minuses  or  one  plus  and  one  minus,  the  two  signs  being  separated  by 
a  sign  of  equality,  greater  than,  or  less  than,  according  as  the  first  radius 
is  equal  to,  greater  or  less  than  the  second.  J.  B.  H. 

1636.  Crysialpolymeicr  for  the  Examination  of  Crystals.  C.Klein.  (Prenss. 
Akad.  Wiss.  Berlin,  S.ber.  18.  pp.  248-257,  March  29,  1900.)— The  author 
gives  a  description  of  the  construction  and  method  of  working  of  a  new 
three-circle  goniometer,  which  can  be  used  for  the  following  determinations  : 
(1)  Crystal  angles.  (2)  Refractive  indices  by  means  of  prisms,  of  solids,  and 
(8)  of  liquids.    (4)  Refractive  indices  of  solids  by  total  reflection  in  liquids. 
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THEORY  AND  ELECTROSTATICS. 

1666.  Magnetic  Field  produced  by  Motion  of  an  Electrified  Body,  V. 
Cr^mieu.  (Comptes  Rend  us,  180.  pp.  1544-1549,  June  5, 1900.)— According 
to  Maxwell  an  electrified  body  in  rapid  motion  should  produce  a  magnetic 
field  in  its  neighbourhood.  Experiments  made  by  Rowland  in  1876,  and  by 
Rowland  and  Hutchinson  in  1888,  appear  to  have  confirmed  this.  The 
author  has  repeated  the  test  under  more  favourable  conditions.  Instead  of 
observing,  as  Rowland  did,  the  direct  action  of  a  revolving  charged  disc  upon 
a  magnetised  needle,  he  has  examined  the  inductive  action  of  a  similar  disc 
upon  a  neighbouring  circuit.  A  description  (with  figures)  is  given  of  the 
apparatus  and  method  used;  and  the  galvanometer  readings  calculated  in 
accordance  with  theory  are  compared  with  those  actually  observed.  The 
former  should  amount  to  22*3  mm.  with  the  lowest  rates  of  revolution  and 
superficial  density  of  charge  employed,  and  to  51*8  mm.  with  the  highest. 
The  actual  readings  lie  between  zero  and  4  mm.,  and  are  stated  to  be  due  to 
unavoidable  displacements  of  zero  during  the  course  of  an  experiment.  The 
author  concludes  that  the  motion  of  an  electrified  body  docs  not  appear  to 
produce  any  magnetic  effect  in  its  neighbourhood.  D.  E.  ]. 

1667.  Imaginary  Quantities  and  the  Representation  of  Periodic  Complex 
Functions.  C.  F.  Guilbert.  (Eel.  Electr.  22.  pp.  405-414,  March  17,  1900.) 
— The  author's  investigations  are  founded  on  a  memoir  by  Steinmetz  on  the 
representation  of  vectors  by  imaginary  quantities.  He  refers  also  to  two 
memoirs  by  Janet  [see  Abstracts,  Nos.  291  and  292  (1898)].  The  object  of 
the  present  paper  is  to  extend  Steinmetz's  theory,  which  the  writer  says 
assumes  that  the  periodic  functions  considered  are  sinusoidal,  or  can  be 
replaced  by  equivalent  sinusoidal  functions.  And  this  hypothesis  fails  in 
cases  such  as  circuits  containing  capacities,  or  in  which  the  resistances  or 
self-inductions  vary  periodically.  Steinmetz  in  a  recent  memoir  has  extended 
his  theory,  making  use  of  the  principle  that  when  a  non-sinusoidal  tendion 
acts  on  a  circuit  containing  resistances,  self-inductions,  and  capacities,  each 
separate  harmonic  tension  produces  its  full  effect  as  if  it  had  a  circuit  similar 
to  the  given  one  to  itself.  The  author  proceeds  to  explain  that  when  the 
difiFerent  harmonic  tensions  have  different  frequencies  the  terms  under  the 
symbol  y/'--^  do  not  admit  of  being  added  algebraically,  and  this  he  shows 
by  attaching  an  index  to  the  symbol  in  the  form  >/  — 1«.  In  this  memoir  the 
equation —  

^«  +  n/  -  K^. 


i=2(i:+v-v:)=s--- 


r-f  n/-1  («^  +  5'  +  ,*,  ) 


signifies  that  for  each  value  of  n  we  have  the  equation— 

€   -h  n7  — 1/' 

I     -f   v^  —  1    I     =  - —7 17\    ' 

Steinmetz  has  given  several  examples  of  his  method,  two  of  which  are  worked 
out  in  detail  by  Guilbert.  S.  W.  ^. 

VOU  IIL  2T 


i 


ELECTRICITY.  635 


DISCHARGE  AND  OSCILLATIONS. 

1669.  Potential  Gradient  in  Vacuum  Tubes.  H.  A.  Wilson.  (Phil.  Mag. 
49.  pp.  505-516,  June,  1900.) — ^The  potential  gradient  and  the  conductivity  of 
the  gas  in  a  vacuum  tube  is  studied  by  a  new  probe  which  can  be  shifted  into 
any  part  of  the  discharge  at  will.  The  discharge  passes  through  a  Torricellian 
vacuum,  and  an  open  glass  tube  containing  the  two  electrodes  floats  on  the 
mercury,  whose  surface  can  be  raised  or  lowered  by  means  of  an  indiarubber 
tube  with  thistle  funnel.  The  upper  electrode  is  connected  with  the  outside 
by  a  flexible  coil  of  thin  brass  wire. 

Thus  the  vacuum  tube  proper  floats  up  and  down  in  the  vacuum,  and 
through  the  slit  in  its  side  the  probes  fixed  into  the  side  of  the  barometer  tube 
are  capable  of  entering.  This  arrangement  secures  a  free  displacement  of 
the  probes  with  respect  to  the  discharge. 

The  author  reproduces  a  number  of  diagrams  showing  the  distribution  of 
the  potential  gradient.  There  is  a  sudden  drop  of  potential  near  the  anode, 
often  amounting  to  as  much  as  85  volts.  The  author  confirms  this  by 
substituting  mercury  jets  for  the  platinum  probes,  and  attributes  it  to  the 
great  rate  at  which  positive  ions  are  shot  o£E  from  the  anode.  He  also  studied 
the  conductivity  of  the  gas  by  means  of  the  same  probes,  and  obtained  results 
generally  confirming  those  of  Stark  [see  Abstract  No.  1459  (1900)].      E.  E.  F. 

1670.  Luminous  Effects  on  Wires  Conveying  Electric  Discharges,  J.  Borg- 
man.  (Comptes  Rendus,  180.  pp.  1179-1182,  April  80,  1900.)— A  metallic 
wire  which  is  not  covered  by  an  insulating  layer  becomes  covered  with  a 
luminous  aureole  when  it  is  inserted  in  the  circuit  of  an  induction  coil  con- 
taining a  spark-gap  or  a  vacuum  tube.  The  author  has  further  investigated 
this  phenomenon  by  means  of  wires  sealed  into  cylindrical  tubes,  and 
traversing  their  axis.  The  tubes  were  several  feet  long  and  8  cm.  to  6  cm. 
wide.  Some  of  the  tubes  were  traversed  by  capillary  glass  tubes  containing 
liquid  conductors.  As  exhaustion  proceeds,  the  luminous  phenomena  show 
a  peculiar  development.  The  aureole  decreases  in  intensity,  and  is  gradually 
replaced  by  a  series  of  equidistant  stars,  around  which  luminous  discs  are 
formed  with  their  planes  at  right  angles  to  the  wire.  The  number  of  stars 
and  discs  increases,  until  the  latter  touch  each  other  and  fill  the  whole  tube 
with  a  luminosity  having  a  slightly  stratified  aspect.  These  effects  are  the 
same  whether  the  tube  is  attached  to  the  positive  or  the  negative  terminal  of 
the  secondary.  When  a  spark-gap  is  inserted  in  parallel  with  it,  and  the 
wire  is  attached  to  the  negative  terminal,  there  is  only  a  continuous  luminous 
envelope,  which  broadens  out  as  exhaustion  proceeds  and  finally  detaches 
itself  from  the  wire.  The  stars  reappear  on  attaching  the  wire  to  the  positive 
terminal,  and  at  a  certain  pressure  the  discs  reappear  also,  their  diameter 
increasing  with  the  length  of  the  spark-gap.  As  exhaustion  proceeds,  the 
number  of  discs  decreases,  some  of  them  remaining,  while  others  disappear. 
Finally,  they  are  transformed  into  nebulae  with  a  starry  nucleus.  The  approach 
of  a  magnet  has  the  effect  of  inclining  the  plane  of  the  rings.  E.  E.  F. 

1671.  Powefful  High-frequency  Currents.  d*Arsonval.  (Comptes  Rendus, 
180.  pp.  1049-1054,  April  17, 1900.) — A  description  of  arrangements  employed 
by  the  author  in  the  decoration  of  the  fagade  of  the  Palace  of  Electricity  at 
the  Paris  Exhibition  of  1900.  Highly  luminous  and  very  brilliant  sparks 
were  required,  some  to  be  short  and  others  much  longer.    To  prodwcfc  W\^svi 
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R  =  tan  a,  the  above  equation  is  fulfilled,  and  Eo  and  R  are  one  of  the 
pairs  of  values  sought.  The  author  shows  that  they  are  stable  if  the  line 
Eo  —  J W  is  tangent  to  the  characteristic  curve,  and  illustrates  this  rule  by 


reference  to  the  transition  from  the  spark  discharge  to  the  glow  discharge 
and  the  arc  discharge.  E.  £.  F. 

1673.  Current  at  Break.  K.  R.  Johnson.  (Ann.  d.  Physik,  2.  1.  pp. 
179-186,  May,  1900). — The  author  objects  to  Axons'  theoretical  treatment  of 
the  current  at  break,  given  in  1897,  that  owing  to  the  transition  resistance  at 
the  surface  of  the  metal  there  is  no  continuous  increase  of  resistance  to 
infinity  at  break,  as  assumed  by  Axons.  He  substitutes  another  treatment, 
which  gives  the  conditions  under  which  the  spark  at  break  can  be  avoided. 
He  comes  to  the  conclusion  that  the  current  at  break  is  essentially  a 
transformation  of  the  electric  energy  of  the  circuit  into  Hertzian  waves. 
The  wave  train  is  suddenly  terminated  when  the  spark  passes.      E.  E.  F. 

1674.  Transient  Deflection  of  Kathode  Rays.  P.  Vlllard.  (Comptes 
Rendus,  180.  pp.  1177-1178,  April  80,  1900.)— In  1896,  G.  Jaumann  described 
what  he  believed  to  be  a  peculiar  property  of  kathode  rays.  He  immersed  a 
very  highly  exhausted  vacuum  tube  in  ordinary  vegetable  oil.  The  tube  was 
provided  with  a  single  electrode,  which  served  as  a  kathode,  while  the  anode 
was  outside  the  tube  and  in^the  oil.  When  the  tube  was  working  the  approach 
of  a  charged  glass  rod  apparently  produced  a  repulsion  of  the  beam  of 
kathode  rays  and  the  fluorescent  spot  produced  by  it.  This  repulsion  rapidly 
subsided  while  the  glass  rod  was  held  in  the  same  position.  When  the  rod 
was  removed,  or  when  the  charge  was  of  the  opposite  sign,  the  repulsion 
became  an  attraction.  The  :iiithor  has  repeated  the  experiment  and  verified 
the  effects  as  stated,  but  he  does  not  follow  Jaumann  in  ascribing  them  to  a 
peculiar  property  of  the  kathode  rays,  such  as  the  "  self-stretching  "  property 
which  the  latter  connected  with  his  hypothesis  of  "  longitudinal  light."  The 
anther  points  out  that  commercial  oils  are  very  poor  insulators,  whereas  true 
dielectrics  have  been  shown  by  Bouty  to  intercept'  an  electrostatic  field  as 
effectively  as  a  layer  of  mercury.  Consequently  the  electrostatic  field 
produced  in  the  interior  of  the  tube  by  the  glass  rod  outside  depends  upon 
the  coadoctivity  of' the  oil,  and  if  the  oil  takes  some  time  to  adjust  itself  to  Jiw 
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charged  a  condenser  to  the  same  potential  during  various  time  intervals 
ranging  from  4  seconds  to  600  seconds,  and  compared  the  charges  by  sending 
them  through  a  ballistic  galvanometer.  He  found  that  the  loss  of  energy  in 
the  condenser  decreased  as  the  time  increased,  and  that  if  the  process  of 
charging  the  condenser  was  extended  over  an  interval  of  fifteen  minutes  the 
loss  was  nil.  He  therefore  concludes  that  the  effect  is  due  to  viscosity  rather 
than  hysteresis.  E.  E.  F. 

1670.  Conductivity  and  Permeability  of  Iron  Alloys.  W.  F.  Barrett, 
W.  Brown,  and  R.  A.  Hadfield.  (Roy.  Dublin  Soc,  Proc.  7.  pp.  67-126, 
Jan.,  1900.) — The  authors  determined  the  electric  conductivities  and  magnetic 
permeabilities  of  over  a  hundred  alloys  of  iron  manufactured  at  the  Hecla 
Steel  Works,  Sheffield.  The  specimens  are  divided  into  thrae  classes.  The 
first  class  consists  of  alloys  containing  one  constituent  besides  iron,  and  com- 
prises carbon,  manganese,  nickel,  tungsten,  aluminium,  silicon,  chromium, 
and  copper  "  steels."  The  second  class  contains  two  admixtures,  the  main 
admixture  consisting  of  nickel,  manganese,  chromium,  or  aluminium.  The 
third  class  contains  three  or  more  admixtures.  As  regards  conductivity,  the 
authors  conclude  that  (1)  in  all  cases  a  larger,  and  in  some  of  the  alloys  a 
very  much  larger,  increase  in  electric  resistance  is  produced  by  the  first 
additions  of  the  added  element  than  for  similar  amounts  added  after  the  alloy 
is  rich  in  that  particular  element ;  (2)  the  increase  in  the  electric  resistance 
of  iron  produced  by  alloying  it  with  an  equal  percentage  of  different  elements 
varies  through  a  wide  range,  according  to  the  nature  of  the  added  element, 
but  this  increase  of  resistivity  does  not  appear  to  be  connected  with  the 
specific  resistance  of  the  added  metal ;  (8)  taking  the  specific  electric  resist- 
ance of  mild  steel,  or  of  iron  containing  approximately  the  same  amount  of 
impurities  as  are  present  in  the  alloys  tested,  to  be  about  16  microhms  per  c.c. 
at  the  temperature  of  the  air,  then  the  addition  of  corresponding  amounts  (say 
3  per  cent.)  of  the  following  metals  raises  the  resistance  in  the  case  of 
annealed  alloys  of  iron  and 

8  per  cent,  of  Tungsten  to  about  17,  or  an  increase  of  2  microhms. 

Nickel  „        21         „  „  6 

„  Chromium     „        24         „  „  9 

„  Manganese    „        80         „  „        15 

„  Silicon  „        46         „  „        80 

Aluminium    ,.        48         ,.  ..        88 


>»  *»«l*IJ«l»4»M»»»  ,, 


Among  a  large  number  of  valuable  results  may  be  mentioned  the  discovery 
of  a  nickel-manganese  steel  having  a  specific  resistance  of  97*62  microhms 
per  C.C.  at  15°,  probably  the  highest  resistivity  of  any  metallic  conductor  yet 
obtained  as  wire  in  a  commercial  form.  It  is  sixty  times  greater  than  the 
resistivity  of  pure  copper,  nearly  ten  times  as  great  as  that  of  the  best  iron,  and 
^  times  greater  than  that  of  German  silver.  The  alloy  contains  26  per  cent, 
of  nickel,  604  of  manganese,  and  06  of  carbon. 

In  the  second  part  of  the  paper,  dealing  with  the  magnetic  properties  of 
the  various  specimens,  the  most  remarkable  result  is  the  effect  produced  upon 
iron  by  the  addition  of  silicon.  The  addition  of  2  to  5J  per  cent,  of  silicon  to 
steel  increases  the  magnetic  softness  to  such  an  extent  that  the  coercive  force 
and  retentivity  are  reduced  to  nearly  one-half  of  the  standard  iron  rod,  which 
contains  only  0*08  per  cent,  of  carbon.  The  permeability  is  also  higher  than 
that  of  iron  for  magnetising  forces  below  saturation.  E.  E.  F. 
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A  megohm  is  permanently  in  series  with  the  cells  when  testing  insulation, 
and  40,000  ohms  when  testing  capacity.  A  small  thermal  cell  provides 
current  for  checking  the  galvanometer  deflection.  M.  O'G. 

Xe84.  Variaiiom  of  Clark  Cells.  A.  P.  Trotter.  (Phys.  Soc.,  Proc.  16. 
pp.  496-601 ;  Discussion,  pp.  505-S08,  1899.)— A  number  of  Clark  cells  by 
different  makers  are  compared  among  themselves  periodically  by  means  of  a 
Crompton  potentiometer,  with  a  view  to  setting  up  a  commercial  standard 
for  Cape  Colony. 

Curves  are  given,  showing  the  variations  of  six  Huirhead  cells  and  two 
Wolff  cells  from  a  seventh  Muirhead  cell  taken  as  standard.  The  internal 
resistance  of  the  Muirhead  cells  was  measured  by  finding  the  galvanometer 
deflection  for  a  giver  displacement  of  the  potentiometer  slider.  G.  E.  A. 

1686.  Allernalt  Current  Instruments.  Q.  Benischke.  (E)ektrotechn. 
Zeitschr.  21.  pp.  899-401 ;  Discussion,  pp.  401-408,  May  17,  1900.)— The 
instruments  described  and  illustrated  in  this  paper  are  designed  to  indicate 
accurately  with  both  direct  and  alternating  currents,  and  are  made  by  the 
Allgemeine  Elektricitats-Gesellschaft.    They  are  all  dynamometric,  and  mag- 


netically damped.  The  essential  parts  of  the  instruments  are  shown  in  the 
figure  for  the  voltmeter,  in  which  E  is  a  piece  made  of  laminated  iron  having 
an  aperture  in  (he  middle  limited  by  circular  arcs.  The  stationary  coil  K  is 
mounted  in  this  aperture,  and  in  Ihe  stationary  coil  is  arranged  the  movable 
coil  on  its  arbor  A.  On  this  arbor  there  is  alsolhe  pointer  Z  and  the  double 
aluminium  blade  R,  the  outer  edges  of  which  move  between  the  poles  of  the 
two  damping- magnets  D,  D.  The  iron  E  is  so  arranged  that  it  lakes  up 
practically  all  the  lines  of  force  gi;nerated  by  the  coils,  so  that  the  damping- 
m^nets  are  not  influenced  thereby.  The  fixed  and  moving  coils  are  of 
copper  wire  (180  ohms  together),  and  arc  arranged  in  series  with  each  other 
and  with  a  resistance  (2,000  ohms)  for  an  instrument  reading  to  126  and 
2S0  volts.  In  the  wattmeter  the  fixed  series  coil  is  made  with  two  windings, 
the  four  ends  of  which  are  brought  to  the  four  blocks  of  a  plug-switch,  so  that 
they  can  be  arranged  in  series  or  in  parallel  as  desired.  The  readings  are 
rendered  independent  of  the  difference  of  phase  between  the  pressure  and 
current  by  making  the  correction  factor  in  Stefan's  formula  unity.    This 

formula  is  as  follows ;  L  =  C -—  ,-,  where  L  =  energy  ;  C  =  energy 

1 H-  tan  ^  tan  i/-  *"  *" 

when  the  current  is  exactly  in  phase  with  the  pressure  ;  *  =  the  angle 
atpresMg  Ihe  difference  of  phase  between  the  current  and  pressure  in  the 
maiii  circuit ;  and  V*  ^  the  angle  expressing  difference  of  phase  in  the  shunt 
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compensation  winding  already  mentioned  ;  the  effective  exciting  turns  are 
therefore  2,000.    The  maximum  permissible  current  is  6  amperes. 

The  upper  part  of  the  yoke  has  two  quadratic  scales  for  use  with  a  light 
and  heavy  sliding  weight,  giving  two  ranges  of  induction  up  to  and  above 
6,000  c.g.s.  units.  The  readings,  multiplied  by  100,  give  the  induction 
directly  in  c.g.s.  units.  G.  H.  B. 

ALTERNATING  CURRENTS  AND  MAGNETISM. 

1687.  Variation  of  Condenser  and  Choking  Coil  Currents  with  the  Shape  of  the 
Applied  E.M.F,  Wave.  A.  Russell.  (Inst.  Elect.  Engin.,  Journ.  29.  pp.  164- 
168,  Jan.,  1900.)— This  is  a  mathematical  investigation  of  the  effect  of  different 
wave  forms  of  applied  E.M.F.  on  condensers  and  choking  coils. 

Cur\'es  of  various  families  are  considered,  and  the  author  draws  the 
following  conclusions :  (1)  A  knowledge  of  the  effective  currents  produced 
in  a  condenser  and  a  choking  coil  by  a  given  alternating  E.M.F.  gives 
practically  very  little  information  about  the  shape  of  the  wave.    (2)  The 

"  form  factor  "  is  not  a  suitable  name  for  the  ratio  —  ,  where  V  is  the  effective 

v», 

voltage  and  v^  its  mean  value.  It  would  be  better  to  call  it  the  "area- 
factor  "  or  the  **  hysteresis  factor."  (3)  The  sine  curve  wave  applied  to  a  con- 
denser produces  a  smaller  effective  current  than  any  of  the  other  curves 
considered.  If  this  current  is  not  the  smallest  produced  by  any  wave  it  must 
be  something  very  nearly  equal  to  the  absolute  minimum.  (4)  The  sine  curve 
wave  applied  to  a  choking  coil  produces  a  larger  magnetising  current  than 
any  of  the  other  waves  considered.  (5)  In  a  family  of  waves  of  equal  height 
the  s>Tnmetrical  wave  produces  the  maximum  choking  coil  current  and  the 
minimum  condenser  current.  W.  G.  R. 

1688.  Magnetic  Tests  of  Sheet  Iron,  J.  Epstein.  (Elektrotechn.  Zeitschr. 
21.  pp.  303-307,  April  19,  1900.)— To  find  the  hysteresis  and  eddy  losses,  strips 
are  cut  from  the  sheet  and  are  made  up  into  four  equal  bundles,  with  paper 
insulation.  Each  bundle  has  a  magnetising  coil  slipped  on,  and  the  four  are 
fixed  firmly  together  in  the  shape  of  a  square.  An  alternating  voltage  is 
applied  to  the  choking  coil  thus  formed,  and  the  combined  losses  are  found  in 
the  ordinary  way  by  a  wattmeter  for  any  desired  values  of  the  magnetic 
induction  and  the  frequency.  By  using  different  frequencies  the  losses  can 
be  separated.  The  losses  being  given  in  the  form  t]nW^  and /n*B*,  the  value 
of  fi,  in  some  results  quoted,  ranges  from  000136  to  0*00191 ;  and  /  for  a 
certain  sample  varies  from  4  x  10-^  for  sheets  0*4  mm.  thick,  up  to  16  x  10~ ' 
for  sheets  0*92  mm.  thick.  The  method  is  advocated  for  general  commercial 
use.  F.  Niethammer  (Elektrotechn.  Zeitschr.  21.  pp.  861-362,  May  3,  1900) 
comments  on  the  above  paper.  W.  H.  E. 

1689.  Relation  between  Magnetic  Disturbance  and  Sun-Spot  Frequency, 
W.  Ellis.  (Roy.  Astro.  Soc,  Monthly  Notices.  60.  pp.  142-167,  1899.)— In 
this  paper  the  author  continues  the  investigation  referred  to  in  Abstract 
No.  898  (1898).  By  comparing  the  curves  furnished  by  the  Greenwich 
magnetographs  and  the  values  of  the  sun-spot  frequency,  as  tabulated  by 
R.  Wolf,  he  concludes  that  unusual  magnetic  disturbance  is  frequent  about 
epochs  of  sun-spot  maximum,  and  nearly  or  quite  absent  about  epochs  of 
sun-spot  minimum,  the  general  rise  and  fall  in  the  number  of  days  of  great  and 
active  disturbance  concurrent  with  variation   in  sun-spot  frequency  being 
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fairly  clearly  shown  by  means  of  a  curve.  In  the  approach  towards  sun-spot 
minimum  there  usually  comes  a  time  at  which  great  disturbance  ceases, 
while  instances  of  moderate  disturbances  continue  to  occur  ;  these  ultimately 
also  cease  at  sun-spot  minimum.  After  passing  this  minimum  the  disturbances 
are  quickly  renewed,  the  renewal  being  much  more  rapid  than  was  the  dying 
down. 

The  author  also  considers  the  variation  in  the  frequency  of  magnetic  dis- 
turbance with  the  time  of  year,  and  concludes  that  the  larger  disturbances  are 
more  frequent  in  spring  and  autumn  than  in  summer  and  winter.  The  mag- 
nitudes of  the  spring  and  autumn  maxima  appear  to  be  about  the  same,  while 
the  winter  minimum  is  a  little  better  marked  than  is  the  summer  one. 

W.  W. 
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observation  made  by  Ewing  on  the  behaviour  of  a  closed  circuit  soft  iron  ring  is 
quoted  as  if  referring  to  a  soft  iron  bar.  R.  N.  L. 

1603.  Effect  of  Heat  on  Vacuum  Discharges.  G.  C.  Schmidt.  (Ann.  d. 
Physik,  1.  4.  pp.  625-647,  April,  1900.)— A  paper  similar  to  that  referred  to  in 
Abstract  No.  1071  (1900).  E.  E.  F. 

1604.  lonisation  of  Gases.  Langevin.  (Soc.  Fran?.  Phys.,  Bull.  148.  pp. 
11-12,  May  4,  1900.) — This  is  a  summary  of  known  facts  and  current  theories. 

E.  E.  F. 

1605.  Compensation  of  Errors  in  Wattmeters.  L.  Kallir.  (Zeitschr.  Elektrotechn. 
Wien,  18.  pp.  233-236,  May  6,  1900.)— The  ordinary  wattmeter  can  be  connected  in 
a  circuit  with  the  shunt  coil  attached  either  between  the  series  coil  and  the  apparatus 
taking  power,  or  to  the  other  end  of  the  series  coil.  In  the  first  case,  the  current 
through  the  series  coil  is  too  great  by  that  flowing  through  the  shunt,  and  in  the 
second  case,  the  volts  on  the  shunt  are  too  great  by  those  on  the  series  coil.  The 
author  proposes  to  compensate  the  error  by  introducing  a  second  fixed  coil. 

G.  H.  B. 

1606.  Measuring  E.M.F.  of  Polarisation.  E.  Mtiller.  (Zeitschr.  Elektrochem. 
6.  pp.  543-647,  May  3,  1900.) — The  method  here  used  to  study  the  relationship 
between  a  gradually  increasing  E.M.F.  applied  to  an  electrolytic  cell  and  the 
currents  produced  is  specially  suited  to  chemical  laboratories  and  other  places 
where  the  delicate  galvanometer  necessary  to  measure  the  small  currents  is  not 
readily  obtainable.  The  only  instruments  used  are  two  special  rheostats  and  a 
capillary  electrometer.  A  diagram  of  connections  and  other  particulars  together 
with  the  results  of  some  experiments,  are  given  in  the  paper.  J.  B.  H. 
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1697.  Modern  Explosives.  W.  Macnab  and  £.  Ristori.  (Roy.  Soc, 
Proc.  66.  pp.  221-282,  April  14,  1900.)--The  authors  are  carrying  out  a 
series  of  experiments  to  determine  the  actual  maximum  temperature  reached 
during  the  explosion  of  various  explosive  materials  in  a  closed  vessel.  For 
measuring  the  temperature  they  use  the  pyrometric  method  developed  by 
Roberts-Austen,  modifications  being  introduced  to  overcome  the  difficulties 
of  the  very  high  temperature,  the  extreme  shortness  of  duration  of  the 
maximum  temperature,  and  the  necessity  of  carr3dng  out  the  explosion  in  a 
closed  space.  The  calorimetric  bomb  employed  is  similar  to  that  already 
described  by  the  authors,  with  the  addition  that  in  the  lid  are  inserted  two 
insulated  conical  pins,  one  of  pure  platinum  and  the  other  of  platinum  alloyed 
with  10  per  cent,  of  rhodium.  The  pins  are  connected  on  the  outside  of  the 
lid  with  the  terminals  of  the  galvanometer,  and  on  the  inside  with  the 
platinum  and  platinum-rhodium  wires  constituting  the  thermoelectric 
couple ;  the  portions  of  the  wires  in  contact  are  fused  together  and  the 
junction  drawn  through  a  die  so  as  to  make  it  of  the  same  diameter  as  the 
rest  of  the  wire.  The  photographic  method  of  recording  the  temperature  is 
made  use  of,  the  couple  being  placed  in  that  position  of  the  bomb  which  is 
found  experimentally  to  give  the  greatest  and  most  uniform  deflection  of  the 
galvanometer.  The  results  of  a  series  of  experiments  with  10  couples  of 
var3ring  cross-section  are  given,  and  show  that  for  cross-sections  greater  than 
about  O'OOOS?  square  inches  in  area,  the  deflection  of  the  galvanometer  is 
inversely  proportional  to  that  area ;  with  thinner  couples  a  greater  deflection 
is  obtained  than  would  correspond  to  a  straight  line  law.  The  deflection  for 
an  infinitely  thin  couple,  which  would  take  up  instantly  the  high  temperature 
obtained  in  the  bomb,  can  hence  be  deduced  and  would  correspond  to  the 
real  maximum  temperature.  The  general  uniformity  of  the  results  obtained 
by  the  authors  is  shown  by  the  following  table,  which  gives  the  deflections 
produced  with  different  couples,  the  charge  consisting  of  4  grammes  of 
Ardeer  Ballistite,  containing  70  per  cent,  gun-cotton  and  80  per  cent, 
nitro-glycerine. 


DEFLFxnox  ov  Scale  iv  mm. 

Area  of  section  of 

couple  in  square  inches. 

Mean  of  several  readings. 

Maximum. 

000162 

83 

85 

0W125 

97 

102 

0-00099 

112-5 

115-5 

000061 

132-5 

188-5 

0-00053 

148 

149 

000087 

154 

158-5 

000025 

165-5 

170 

000017 

189 

192 

It  is  found  that,  within  reasonable  limits,  the  size  of  grain  of  the  explosive 
exercises  no  influence  on  the  deflection  obtained.  Experiments  with  gun- 
cotton,  cordite,  and  ballistite  show  that  the  lowest  temperature  is  that  yielded 
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methods  that  have  been  suggested  for  detecting  the  existence  of  racemic 
compounds  in  the  solid,  liquid,  and  gaseous  states  are  criticised,  and  it  is 
shown  that  the  only  reliable  method  is  that  suggested  by  Roozeboom  [see 
1899,  Abstract  No.  1210]  of  examining  a  complete  scries  of  mixtures  of  the 
two  optical  isomerides.  This  has  been  done  in  the  case  of  the  substances 
described  below. 

(1)  The  melting-point  curve  of  the  dimethyl  tartrates  falls  from  48'8°  (the 
m.p.  of  the  separate  isomerides)  to  two  eutectic  points  at  41*6'*  (the  m.p.  of  a 
mixture  containing  the  two  isomerides  in  the  proportion  of  1  to  99  per  ccnt^), 
and  then  rises  to  89*4°  in  an  inactive  mixture  of  equal  parts  of  the  two 
isomerides.  The  substances  thus  show  the  characteristic  behaviour  of  optical 
isomerides  which  give  a  well-defined  racemic  compound. 

(2)  Dimethyl  diacetyltartrate  shows  a  similar  behaviour,  but  the  m.p.  of  the 
racemic  compound  (88*8°)  lies  below  that  of  the  separate  isomerides  (104*8°)  ; 
the  eutectic  points  are  at  88*4'*  in  mixtures  containing  the  isomerides  in  the 
proportion  of  45  to  65  per  cent. 

(8)  Mandelic  acid  resembles  the  preceding  compound,  the  active  forms 
melting  at  182*8°,  the  racemic  compound  at  118°,  whilst  eutectic  points  occur 
at  118°  in  mixtures  containing  40  and  60  per  cent,  of  the  two  isomerides. 

(4)  The  active  benzoyltctrahydroquinaldines  melt  at  119*4°,  and  the 
racemic  compound  at  119*2° ;  the  case  might  therefore  be  easily  mistaken 
for  one  of  pseudo-racemium,  if  no  other  mixtures  were  added  ;  eutectic- 
points,  however,  occur  at  117*8°  in  mixtures  containing  85  and  65  per  cent,  of 
the  isomerides. 

(6)  The  active  carvoximes  melt  at  72*0°,  and  unlike  all  the  preceding 
compounds  give  a  continuous  melting-point  curve,  rising  to  a  maximum  at 
91*4°  in  an  inactive  mixture  of  equal  quantities  of  the  two  isomerides  ;  the 
presence  of  a  maximum  melting-point  suggests  that  the  racemic  compound 
which  is  stable  at  ordinary  temperatures  is  also  formed  at  the  melting-point, 
but  it  is  pointed  out  that  such  a  maximum  might  also  occur  in  a  case  of 
pseudo-racemism. 

(6)  The  most  interesting  case  is  that  of  the  camphoroximes,  which  always 
melt  at  118*8°,  whatever  may  be  the  proportion  in  which  they  are  mixed 
The  pure  substances  pass  at  112-6°  from  a  regular  a-modification  to  a  doubly- 
refracting  ^-modification ;  in  mixtures  of  the  two  isomerides  the  transition- 
point  is  lower,  and  falls  to  a  minimum  at  109*4°  in  the  case  of  a  mixture  in 
equal  proportions.  It  is  shown  that  in  these  cases  no  racemic  compound  is 
present,  although  one  is  formed  at  ordinary  temperatures  on  crystallising^  from 
solution  ;  the  transition  from  the  racemic  compourul  to  an  externally  com- 
pensated mixture  takes  place  at  103"^,  and  falls  rapidly  in  presence  of  an  excess 
of  either  active  isomeride,  but  the  complete  curve  has  not  yet  been  traced. 

T.  M.  L. 

1701.  Chemical  Kinetics  and  Free  Energy  of  the  Reaction  2HI  -j-  2Ag  i — » 
2Agr  -{-Hf.  H.  Danneel.  (Zeitschr.  Phys.  Chem.  33.  pp.  415-444,  May  18, 
1900.) — The  equilibrium  point  in  the  reaction  was  determined  by  shaking  up 
silver  and  silver  iodide  in  a  dilute  solution  of  hydriodic  acid  under  a  deter- 
minate atmosphere  of  hydrogen.  The  silver  was  used  in  the  form  of  sponge, 
and  the  attainment  of  the  equilibrium  was  hastened  by  the  addition  of 
platinum  black.  The  equilibrium  was  approached  from  both  sides,  and 
found  finally  to  correspond  to  a  hydriodic  acid  concentration  equal  to  0043 
normal,  for  hydrogen  under  ordinary  atmospheric  pressure. 

The  reaction-velocity  was  investigated  by  determining  in  the  apparatus 
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1704.  Isoikermals  and  hochors  for  Dissociation  Reactions.  K.  Ikeda. 
(Zcilschr.  Phys.  Chem.  38.  pp.  287-294,  May  2,  1900.)— The  equations 
0/<)T)logr=  — s/RT»  and  Q/^T)log  K  =  ^/RT»  are  determined  by 
consideration  of  isothermal  cyclical  processes  applied  to  a  solution  con- 
tained in  a  cylinder  which  is  separated  from  other  cylinders  by  diaphragms 
that  are  permeable  by  one  or  the  other  or  both  of  its  components.  Here  r 
denotes  the  ratio  of  the  osmotic  pressures  of  a  component  in  an  ideal  and  in 
the  actual  solution,  the  ideal  solution  containing  the  other  component  only  in 
negligible  quantity ;  s  the  heat  given  out  on  passage  of  a  molecule  of  this 
component  from  the  actual  to  the  ideal  solution ;  K  a  relation  between  the 
concentrations  of  the  components  which  is  constant  at  constant  temperature  ; 
q  the  heat  of  transformation.  R.  E.  B. 

1706.  Determination  of  the  Transition-point  of  Monotropic-dimorphous 
Substances,  R.  Schenck.  (Zeitschr.  Phys.  Chem.  88.  pp.  445-452,  May  18, 
1900.) — In  monotropic  substances  the  transition-point  lies  abovfe  the  melting- 
point,  so  that  one  form  is  always  labile  and  the  other  always  stable  ;  the 
labile  form  has  the  lower  melting-point,  and  when  fused  may  resolidify  to 
crystals  of  the  stable  form.  Enantiotropic  substances  can  be  converted  into 
monotropic  substances  if  the  melting-point  is  lowered  below  the  transition- 
point  by  adding  a  foreign  substance  (Schenck  and  Schneider,  Zeitschr. 
Phys.  Chem.  29.  p.  546,  1899) ;  the  lowering  of  the  melting-point  of  each 
form  is  proportional  to  the  proportion  of  the  substance  added,  and  the  two 
melting-point  lines  intersect  in  the  transition-point.  In  monotropic  sub- 
stances the  transition-point  cannot  be  realised  experimentally,  but  in  some 
cases  it  is  possible  to  plot  the  melting-point  curves  of  both  modifications  for 
successive  additions  of  a  second  substance,  and  their  point  of  intersection 
can  be  determined  by  exterpolation.     If  U  is  the  transition-point  and  SS' 

are  the  melting-points  of   the  two  forms,  then   ij-^^o,  =  -?    where    A,    A' 

are  the  depression  constants  for  the  two  forms.  In  the  case  of  m-nitro-p- 
acet-toluid  the  stable  white  modification  melts  at  98*82,  and  has  A  =  8703, 
whilst  the  yellow  labile  modification  melts  at  91*58°,  and  has  A'  =  9903  ; 
the  transition-point  is  then  calculated  to  be  105*9° ;  the  added  substance  was 
in  this  case  methyl  oxalate.  In  the  case  of  w-chloronitrobenzene  (m.p.'s 
44'2f  and  28*7°),  dinitrochlorobenzene,  />-tolylphenylketone  and  triphenyl- 
methane,  the  labile  modification  was  too  sensitive  to  allow  of  the  determina- 
tion of  a  depression-constant.  In  the  case  of  monochloracetic  acid  (m.p.'s 
56'8  and  61*5°),  the  two  depression  constants  did  not  differ  appreciably, 
showing  that  the  heat  of  the  transformation  is  very  small,  or  the  transition- 
point  distant.  T.  M.  L. 

1706.  Solubility  of  a  Mixture  of  Salts  hatnng  a  Common  Ion.  C.  Touren. 
(Coraptes  Rendus,  180.  pp.  1252-1254,  May  7,  1900.)— The  author  finds 
from  his  solubility  measurements  that  KCl  and  KBr  form  isomorphous 
mixtures.  F.  G.  D. 

1707.  Cryoscopic  Behaviour  of  Nitro-deriva lives  in  Formic  Acid  Solution. 
G.  Bruni  and  P.  Berti.  (Accad.  Lincei,  Atti,  9.  pp.  273-279,  April  22, 
1900.) — On  determining  the  freezing-point  depressions  of  formic  acid, 
solutions  of  nitro-,  dinitro-,  and  trinitro-benzene,  trinitrotoluene,  picryl 
chloride,  picric  acid,  methyl  picrate, />-nitrobenzoyl  chloride,  nitromethane, 
nitroethane,  and  chloropicrin,  the  authors  find  that,  whilst  the  aromatic 
nitro-derivatives  2dl  show  more  or  less  dissociation,  the  fatty  compounds 
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exhibit  quite  normal  cryoscopic  behaviour.  Picric  acid  is  dissociated  to 
about  the  same  extent  as  its  methyl  salt,  and  as  the  other  polynitro- 
derivatives ;  so  that  the  degree  of  dissociation  is  not  influenced  by  the 
presence  of  hydroxy  1,  but  tends  to  increase  with  the  number  of  electro- 
negative groups  in  the  molecule.  The  presence  of  small  quantities  of  water 
is  found  to  be  without  effect  on  the  dissociating  power  of  formic  acid.  The 
dissociation  of  nitro-compounds  in  formic  acid  solution  may  be  explained 
by  either  of  the  hypotheses  :  (1)  The  nitro-group  may  be  converted 
into  the  isonitro-group  >NOOH,  which  would  be  susceptible  of  ionisation ; 
but  in  benzene  derivatives  this  conversion  would  not  take  place  readily, 
as  the  iso-group  would  be  joined  to  two  different  carbon  atoms,  whilst  in 
fatty  compounds,  where  the  formation  of  the  isonitro-group  is  easy,  no 
dissociation  occurs.  (2)  The  formic  acid  may  unite  directly  with  the  nitro- 
derivative  forming  a  compound,  R .  NO(OH){COOH),  capable  of  disso- 
ciating ;  addition  compounds  analogous  to  these  have  been  obtained  by 
the  action  of  methyl  alcohol  on  trinitrotoluene  and  by  the  addition  of  potas- 
sium cyanide  to  trinitrobenzene.  The  second  of  these  hypotheses  is  the 
more  probable.  T.  H.  P. 

1708.  Reversibiliiy  of  Voltaic  Cells.  T.  S.  Moore.  (Phil.  Mag.  49.  pp. 
491-496,  May,  1900.  Paper  read  before  the  Physical  Society  of  London.) 
— The  reversibility  of  cells  of  the  Daniell  type  was  tested  by  measuring 
E.M.F.  and  potential  difference — (1)  when  the  cells  were  supplying  a  small 
current,  (2)  when  a  small  reverse  current  was  caused  to  flow  by  a  known 
E.M.F.  The  cells  examined  were  copper-zinc  and  copper-cadmium  cells, 
with  sulphates  and  chlorides  of  the  metals.  The  internal  resistance  was 
found  to  be  practically  the  same  when  calculated  from  these  two  sets  of 
readings,  thus  indicating  reversibility.  Tests  of  a  Clark  cell  did  not  give 
such  good  results,  probably  owing  to  the  fact  that  a  relatively  large  current 
had  to  be  used.  W.  R.  C. 

1709.  Temperaiure-Coefficieni  of  the  Lead  Accumulator,    F.  Dolezalek. 

(Zeitschr.  Elektrochem.  6.  pp.  617-519,  April  19,  1900.)— From    the  Helm- 

DE      E  U 

holtz  equation,  W^T^^oaoTOT'    ^"^  ^^^    relation   E  =  1*92 -f  0'16  logior 

the  author  deduces  the  equation — 

-  -  =  0*62  logioc  +  const,  (in  millivolts), 
u'i 

which  holds  for  18°  C,  and  connects  the  temperature-coefficient  of  the  E.M.F. 
of  an  accumulator  with  the  concentration  (in  grm.-mols.  per  litre)  of  the  acid. 
For  small  concentrations  (as  in  the  present  case)  U  is  practically  indepen- 
dent of  the  concentration,  so  that  the  second  term  on  the  right-hand  side  is  a 
constant.     The  relation  holds  from  c  =  01  to  c  =  0*0005.    According  to  this 

i^F 
the  value  of  ^rriC  must  assume  large  negative  values  for  small  values  of  c. 
o  1 

PYom  his  experiments  the  author  finds  that  the  temperature-coefficient 
sinks  rapidly  for  values  of  c  <  2,  becoming  zero  for  c  =  0-70.  It  is,  therefore, 
positive  or  negative  according  to  the  concentration  of  the  acid. 

From  Streintz's  measurements  of  the  heat-evolution  in  a  working  cell 
the  author    calculates  (for  several    concentrations  of  acid)   the  values  of 

I^,  t,  and  finds  a  moderate  agreement  with  his  obser\'ed  values.     He  shows 

O'l 

that  for  very  dilute  acid  the   E.M.F.  is  a  linear  function  of  temperature, 

and  points  out  the  efficiency  of  such  an  accumulator  as  a  thenno-element 
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(for  c  s=  0-0005,  a  voltage  of  0*6  for  90°  C.  temperature-difiference).  The  great 
dilution  of  the  acid  would,  however,  render  such  an  arrangement  com- 
mercially useless.  F.  G.  D. 

1710.  Liquid  Ammonia,  C.  Frenzel.  (Zeitschr.  Elektrochem.  6.  pp.  477- 
480,  March  22 ;  485-489,  March  29 ;  493-500,  April  5,  1900.)— The  experi- 
ments of  Cady  [see  1898,  Abstract  No.  188]  on  the  electrolytic  conductivity 
of  liquid  ammonia  and  of  solutions  of  various  salts  in  it,  although  carried  out 
with  a  very  impure  commercial  product  containing  moisture,  show  that  lique- 
fied ammonia  possesses  a  very  considerable  dissociating  power.  The  author, 
using  ammonia  carefully  purified  by  distillation  and  recondensation,  finds 
for  the  conductivity  the  value,  in  ohm-^  cm.-*  units,  1*88  x  10-^  at  —  79*8° 
and  1*47  X  10"'  at  —  78*6°.  By  adding  water  to  liquid  ammonia,  a  consider- 
able increase  in  its  conductivity  is  brought  about,  the  addition  of  2*8  milli- 
l^rammes  of  water  to  about  4  cubic  centimetres  of  liquefied  ammonia  raising 
the  conductivity  at  —  60°  from  8*549  to  19*96  ( X  10"') ;  this  increase  is  much  less 
than  would  be  expected  on  the.  assumption  that  all  the  added  water  exists  in 
the  solution  as  ammonium  hydroxide.  Taking  the  conductivity  at  —60°  as 
the  unit,  the  mean  increase  of  conductivity  per  degree  between  about  —  7*93° 
and  —  44*2°  is  1*9  per  cent.  In  the  case  of  impure  and  hence  better  conduct- 
ing specimens  of  ammonia,  this  temperature  coefficient  is  found  to  decrease 
as  the  conductivity  increases ;  in  this  respect  the  close  analogy  to  water  is 
borne  out.  On  studying  the  relation  between  the  polarisation  E.M.F.  at  the 
anode  and  the  P.D.  for  approximately  normal  solutions  of  potassium  nitrate, 
ammonium  chloride  and  potassium  ethyl  sulphate  in  liquid  ammonia,  the 
author  finds  that  for  each  of  these  salts  the  curve  connecting  the  values  of 
the  quantities  named  shows  three  definite  points  of  change,  corresponding  with 
E.M.F.*s  of  about  0*48,  0*66,  and  0*78  volts  ;  in  the  case  of  ammonium  chloride 
these  points  are  much  less  distinctly  marked  than  with  the  other  two  salts. 
These  characteristic  changes  in  the  curves  must  be  due  to  the  electrolytic 
dissociation  of  the  ammonia  molecule,  and  confirm  the  supposition  that 
ammonia  acts  as  a  weak  acid  containing  the  anions  NHi,  NH,  and  N.  At 
higher  voltages  (1*08  to  1*15)  there  appears  another  point  of  decomposition, 
due  to  the  anion  of  the  dissolved  substance.  The  curves  obtained  for  am- 
monia containing  small  proportions  of  water  also  show  characteristic  points, 
but  the  latter  are  not  nearly  so  conspicuous  as  with  the  salt  solutions.  This 
confirms  the  view  that  the  added  water  for  the  most  part  remains  as  such  in 
the  solution,  only  a  very  small  quantity  being  converted  into  ammonium 
hydroxide.  It  is  also  probable  that  the  hydroxide  itself  is  a  very  strong  base 
comparable  with  the  alkalis,  the  weak  basic  character  of  aqueous  ammonia 
solutions  being  due  to  a  considerable  proportion  of  the  hydroxide  being 
decomposed  into  NHj  and  HjO.  On  studying  the  kathode  polarisation,  it 
is  found  that  the  curves  show  a  sharp  change  of  direction  at  a  voltage  of 
about  0*1,  owing  to  the  presence  of  hydrogen  ions.  T.  H.  P. 

1711.  Electrical  Conduciiviiy  of  Liquid  Ammonia  Solutions.  E.  C. 
Franklin  and  C.  A.  Kraus.  (Amer.  Cheni.  Journ.  23.  pp.  277-313, 
April,  1900;  cf.  Cady,  Journ.  Phys.  Chem.  1.  p.  707  1897.) — The  ammonia  is 
purified  by  distilling  from  a  cylinder  in  which  it  is  dried  by  means  of  sodium, 
into  a  receiver  of  special  form  ;  an  essential  feature  in  the  purification  is  the 
filtration  of  the  gas  through  asbestos  which  has  been  dried  by  prolonged 
heating ;  if  this  is  omitted  the  distilled  ammonia  is  always  coloured  blue  by 
traces  of  sodium  carried  over  in  the  distillation.    The  purity  of  the  ammonia 
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nic,  succinic,  isosuccinic,  pyrotartaric,  ethylmalonic,  and  sebacic  acids.  The 
acids  were  used  in  the  form  of  their  potassium  salts  and  the  electrolyses 
carried  out,  as  a  rule,  in  slightly  acid  solutions  at  0**  and  between  plati- 
num electrodes.  In  many  cases  the  effect  of  variations  in  the  concentra- 
tion and  in  the  current  was  ascertained.  The  results  obtained  are  chiefly 
of  chemical  interest,  and  do  not  admit  of  useful  abstraction.  N.  L. 

1716.  Electrolytic  Synthesis  of  Organic  Substances.  Part  /.  O.  Dony- 
H^nault.  (Zeitschr.  Elektrochem.  6.  pp.  688-543,  May  3,  1900.)— In  the 
electro-synthesis  of  organic  compounds  two  classes  of  reactions  are  to  be 
distinguished  :  those  in  which  the  compound  is  formed  by  the  inter- 
action of  the  ions,  as  in  the  formation  of  ethane  by  the  electrolysis  of 
acetic  acid,  and  those  in  which  the  liberated  ions  act  on  a  non-electrolyte 
in  the  vicinity  of  one  of  the  electrodes,  as  in  the  reduction  of  nitrobenzene 
to  aniline.  This  paper  is  the  first  of  a  series  in  which  it  is  proposed  to  study 
reactions  of  the  second  class  more  systematically  than  has  hitherto  been 
done.  Stress  is  laid  on  the  importance  of  ascertaining  the  exact  experimental 
conditions  favourable  to  each  synthesis,  and  the  E.M.F.  at  the  working 
electrode  is  considered  to  be  of  more  value  than  the  current  density  as  a 
measure  of  the  chemical  action  of  the  ions.  Every  organic  compound 
capable  of  entering  into  reaction  with  the  liberated  ions  acts  as  a  depolariscr, 
and  the  requisite  condition  for  the  decrease  of  potential  is  that  the  reaction 
shall  take  place  with  loss  of  free  energy.  Thus  the  electrolytic  decomposition 
point  for  chlorine  ions  in  normal  hydrochloric  acid  is  1*31  volts  (compared 
with  hydrogen),  whilst  in  the  presence  of  phenol  the  required  E.M.F.  is 
reduced  to  09  volt.  Accordingly,  as  some  preliminary  experiments  have 
already  indicated,  the  quantitative  conversion  of  phenol  into  one  or  more 
chlorine  derivatives  should  be  made  possible  by  careful  regulation  of  the 
E.M.F.  Similar  observations  apply  to  the  preparation  of  bromine  derivatives 
of  phenol.  A  series  of  experiments,  described  in  detail  in  the  paper,  has 
been  carried  out  on  the  electrolysis  of  dilute  sulphuric  acid  in  the  presence 
of  methyl  and  ethyl  alcohols.  The  results  show  that  by  keeping  the  anode 
potential  between  1*3  and  1*66  volts  throughout  the  electrolysis  a  quantitative 
conversion  of  ethyl  alcohol  into  aldehyde  is  effected  ;  with  higher  potentials 
the  yield  of  aldehyde  diminishes,  and  acetic  acid  and  ethyl  hydrogen  sulphate 
are  formed.  In  the  case  of  methyl  alcohol  the  author  confirms  Renard's 
observation  that  formaldehyde  is  not  produced,  the  primary  oxidation  product 
being  probably  methylal.  The  paper  concludes  with  some  remarks  on  the 
analogy  between  chemical  and  electrochemical  modes  of  oxidation,  and  it  is 
shown  that  the  limited  oxidation  of  alcohol  to  aldehyde  can  be  effected 
chemically  by  means  of  cupric  oxide  or  lead  peroxide  in  alkaline  solution. 

N.  L. 

1716.  Electrolytic  Etching  and  Engraving.  J.  Rieder.  (Elekt.  Runds. 
17.  pp.  139-140,  April  15;  and  161-163,  May  15,  1900.)— In  this  process  the 
article  to  be  etched  or  engraved  is  made  the  anode  in  an  electrolytic  bath. 
In  order  to  produce  designs  in  relief  without  repeated  "  stopping  off "  with  an 
insulating  coating  of  the  parts  which  are  not  to  be  etched,  the  author  produces 
a  liquid  surface  of  the  reversed  form  of  the  raised  design  to  be  obtained.  This 
surface  is  formed  by  a  plaster  of  Paris  mould  of  the  object  to  be  copied,  the 
back  of  this  mould  dipping  into  a  solution  of  ammonium  chloride,  in  which 
the  kathode  dips.  The  steel  plate  to  be  etched  rests  on  the  top  of  the 
moulded  surface  oi  the  plaster  of  Paris  block  above  the  level  of  the  liquid 
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The  connection  with  the  current  supply  is  made  by  numerous  wires  attached 
to  its  external  surface.  The  apparatus  is  completed  by  a  flat  cone-shaped 
cover,  which  is  fixed  just  below  the  surface  of  the  molten  electrolyte  over  the 
kathode,  and  is  designed  to  receive  and  protect  from  atmospheric  action  the 
metal  separated  at  the  kathode.  The  upper  part  of  this  collector  is  exposed 
to  the  air,  and  should  it  still  become  too  heated,  it  can  be  cooled  by  artificial 
means.  It  is  connected  to  the  negative  pole  of  the  dynamo  through  a  resist- 
ance. It  thus  acts  as  an  auxiliary  kathode,  and  any  metal  collecting  under- 
neath it  is  kept  negatively  charged  until  passed  from  the  cell  by  the  side 
delivery  tube. 

For  the  preparation  of  metallic  sodium  a  mixture  of  sodium  hydrate  and 
sodium  carbonate  is  recommended  as  electrolyte.  The  form  of  electrolyser 
described  above  is  patented  in  Europe  and  in  the  States.  Two  cells,  the  one 
designed  to  utilise  a  current  of  600  amperes,  and  the  other  a  current  of  1,000 
amperes,  are  installed  at  the  Affinerie  Electro-metallurgique  de  Bellegarde  sur 
Valserine,    Three  diagrams  illustrate  the  article.  ].  B.  C.  K. 

1719.  Electromagnetic  Ore  Dressing.  E.  Langguth.  (Zeitschr.  Elek- 
trochem.  6.  pp.  500-506,  April  5, 1900.) — This  paper  deals  with  the  principles 
underlying  the  magnetic  separation  and  concentration  of  minerals.  The 
author  explains  the  action  as  the  result  of  the  respective  influence  of  weight, 
motion,  and  less  or  greater  magnetism  of  the  particles  of  ore.  He  does  not 
agree  with  the  recently  advanced  classification  of  weak  and  strong  magnetic 
separation.  Two  main  features  are  to  be  considered  for  rational  separation  : 
(1)  Production  of  strong  magnets  with  least  expenditure  of  energy.  (2) 
Separation  of  magnetic  and  non-magnetic  products  into  divergent  paths 
with  the  least  amount  of  power.  Electromagnets  are  the  only  important  form 
used  at  present. 

The  conditions  best  suited  for  utilising  magnetic  energy  for  the  purpose  of 
separation  are  briefly  stated  to  be ;  (1)  Generation  of  magnetic  currents  of 
the  least  possible  potential  and  the  greatest  density ;  (2)  The  passage  of  the 
material  to  be  operated  upon  at  the  least  distance  from  the  magnetic  poles. 

Although  theoretically  simple,  these  conditions  are  not  brought  into  effect 
in  the  majority  of  electro-magnetic  separators.  Very  narrow  fields  are 
awkward  for  separation,  and,  on  the  other  hand,  crushing  to  uniform  grains 
is  not  easily  accomplished. 

Theoretically  the  diameter  of  the  grain  need  not  exceed  the  width  of  the 
field,  but  actually  at  least  twice  the  distance  is  required.  Direct  contact  of 
the  particles  of  ore  with  the  bare  poles  is  hardly  feasible  owing  to  the  manner 
in  which  the  ore  has  to  be  conveyed.  As  the  material  is  attracted  with 
variable  intensity  by  the  two  poles,  actual  experiments  must  decide  the  exact 
distance  at  which  it  must  be  passed. 

Experiments  are  then  given  in  which  the  ratios  between  motion  and  mag- 
netism are  altered.  The  apparatus  used  was  the  ore  separator  of  the 
MechernichjC  Bergwerks-Aktienvereins.  Distance  of  poles  7  mm.,  and 
material  passed  at  variable  speed  1  mm.  from  active  pole  working  on  a  belt. 
Power  expended  1  kilowatt,  thus  ensuring  a  very  concentrated  field  between 
the  poles.  The  artificial  mixture  of  material  consisted  of  same  sized  grains  of 
magnetite  (strongly  magnetic),  rhodonite  (medium  magnetic),  and  zincblende 
(feebly  magnetic).  The  results  obtained  were  as  follows :  (1)  Velocity  of 
belt  100  m.  per  minute,  magnetite  alone  affected.  (2)  70  m.  per  minute, 
rhodonite  partially  attracted  and  zincblende  not  at  all.  (8)  50  m.  per  minute, 
rhodonite  completely  separated,  but  not  zincblende.    (4)  40  m.,  partial  action 
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upon  zincblende.  (6)  80  m.,  zincblende  entirely  attracted.  On  lowering 
speed  to  6  ra.  per  minute  the  zincblende  could  still  be  magnetised  with  an 
expenditure  of  20  watts. 

The  author  therefore  draws  attention  to  the  importance  of  adjusting  the 
rate  of  travel  in  accordance  with  magnetic  properties.  Reference  is  then 
made  to  the  problem  of  material  falling  vertically  in  the^  neighbourhood  of  a 
magnet,  and  the  conclusion  arrived  at  is  that  this  method  must  be  wasteful 
from  the  point  of  view  of  power  expenditure  unless  efficient  means  are  found 
of  suitably  diminishing  the  speed  by  obstacles.  The  author  concludes  by 
stating  that  the  conditions  underl)ring  the  problem  of  electromagnetic  sepa- 
ration are,  therefore — (1)  Generation  of  magnetic  currents  of  least  intensity 
and  greatest  density  ;  (2)  Passage  of  the  material  to  be  operated  upon  through 
the  magnetic  field  uniformly  at  the  least  possible  distance  from  the  active 
separative  pole  ;  (3)  Variable  external  movement  of  the  material  under  treat- 
ment ;  (4)  Separation  in  homogeneous  magnetic  fields.  O.  J.  S. 
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estimation  of  th^  quantity  of  carbonic  anhydride  in  the  air.  (2)  The  author's 
improvements  on  Pettenkofer's  process.  (3)  Action  of  baryta  water  on  glass,  and 
the  effect  of  soluble  silicates  on  the  phenolphthalcin  colour  reaction.  (4)  Amount  of 
the  anhydride  in  the  air  ;  and  (6)  Causes  of  variations  in  this  amount.  There  ai^e 
two  appendices,  the  first  treating  of  ground  air  and  its  relations  to  atmospheric 
carbonic  anhydride  ;  and  the  second,  by  W.  Caldwell,  containing  a  comparison  of 
the  results  of  the  determination  of  carbonic  anhydride  by  Pettenkofer's  process  with 
those  given  by  the  author's  modification  of  that  process.  ^  T.  H.  P. 

1723.  Electro-deposition  of  Chromium.  S.  CO'wper-Coles.  (Chem.  News,  81. 
pp.  10-18,  Jan.  12,  1900.  Read  before  the  Institution  of  Mining  and  Metallurgy, 
Dec.  20,  1899.) — A  paper  on  the  same  lines  as  those  previously  noticed  in  Abstract 
No.  340  (1899).  N.  L. 

1724.  Discharge  Device  for  Electrical  Furnaces.  (Elekt.  Runds.  17.  pp.  114-116, 
March  1,  1900.) — This  is  a  description  of  a  tapping  device  for  an  electrical  furnace, 
having  for  its  object  continuity,  exclusion  of  air,  and  also  the  cooling  of  the  finished 
product  before  leaving  the  furnace.  O.  J.  S. 

1725.  Formation  of  Carbides.  A.  A.  Beadle.  (Elect.  Rev.  46.  pp.  611-^13, 
April  13,  1900.) — General  consideration  of  formation  of  carbides  in  the  electric 
furnace.    A  summary  of  the  properties  of  a  targe  number  of  carbides  is  given. 

W.  R.  C. 
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1726.  Combined  Rejuse  Destructors  and  Power  Plants,  C.  N.  Russell. 
(Inst.  Civ.  Engin.,  Proc.  139.  pp.  181-201 ;  Discussion,  pp.  202-264,  March, 
1900.) — A  distinction  is  drawn  between  refuse  destructors  designed  to  destroy 
garbage  cheaply  and  effectively,  and  the  economical  raising  of  steam  on  a 
large  scale  by  the  heat  generated  in  destructors. 

The  methods  of  dealing  with  refuse  are  classed  under  three  heads  :  (i) 
Cheap  disposal ;  (ii)  Disposal  from  a  sanitary  point  of  view ;  (iii)  Disposal 
with  a  view  to  steam  raising. 

The  results  obtained  from  Oldham,  Warrington,  Cambridge,  and  other 
places,  are  stated  to  have  demonstrated  (i)  that  a  considerable  amount  of 
energy  can  be  obtained  from  refuse  furnaces,  and  (ii)  that  refuse  in  each 
locality  has  a  fairly  definite  calorific  value.  The  amount  of  steam  raised  per 
pound  of  refuse  burnt  shows  great  variations  in  various  localities.  Abroad, 
notably  at  Hamburg  and  Brussels,  the  amount  of  steam  raised  is  practically 
negligible,  and  the  residue  nearly  100  per  cent,  greater  than  that  usually 
found  in  England,  where  it  is  about  28  per  cent,  of  the  refuse. 

The  Shoreditch  combined  electricity  supply  works  and  refuse  destructor 
is  next  described,  and  is  stated  to  be  the  largest  of  its  kind  in  the  kingdom . 
The  works  were  opened  in  June,  1897,  the  destructors  being  built  by  Manlove 
Alliott  &  Co.  The  destructor  and  boiler  house  is  separated  from  the  electric 
generating  station  by  fireproof  doors.  The  former  contains  six  Babcock  & 
Willcox  boilers,  each  having  two  refuse  furnaces,  one  placed  on  either  side  of 
the  boiler  ;  an  ordinary  coal  firegrate  immediately  under  the  boiler  tubes  is 
provided  as  an  auxiliary  if  required.  Coal  is  burnt  as  well  as  refuse  at  these 
works,  the  calorific  value  of  the  refuse  not  always  being  equal  to  the  demand 
on  the  amount  of  steam. 

The  average  amount  of  refuse  is  84  tons  per  day  ;  as  much  as  140  tons  has 
been  received  in  one  day.  Refuse  is  delivered  between  the  hours  of  9  a.m. 
and  5  p.m.  Spare  storage  is  provided  to  cope  with  extra  heavy  deliveries. 
The  lift  and  tip-trucks  for  dealing  with  the  refuse  are  worked  entirely  by 
electricity,  0*52  kw.  hours  being  expended  per  ton  of  refuse  moved,  this 
figure  being  arrived  at  from  over  a  year's  working  and  a  total  of  25,000  tons 
moved.  The  average  time  required  to  deal  with  a  load  of  refuse  shot  into 
the  lifts,  raised  to  the  top  platform,  tipped,  and  empty  truck  returned  to 
starting-point,  is  nine  minutes. 

Each  furnace  is  provided  with  both  steam  and  forced  air  draught.  In  the 
author's  experience  the  latter  is  found  to  be  preferable.  The  air-pressure  is 
3  inches  at  the  face  and  1  inch  in  the  ashpits.  The  temperature  obtained  in 
the  furnaces  often  exceeds  2,000°  F.  The  author  thinks  the  electrical  energy 
necessary  to  drive  the  fans  is  very  high,  and  considers  that  there  is  much 
room  for  improvement  in  electrically-driven  fans. 

The  feed-water  is  heated  by  a  Green's  Economiser  to  220°  F.-250°  F.,  and 
is  then  forced  into  a  feed  thermal  storage  vessel  (Druitt  Halpin's  system;. 
This  is  found  useful  for  depositing  the  lime  in  the  feed-water,  of  which 
IJSQS  lbs.  dry  weight  were  found  after  seven  months.    The  economiser  was 
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opened  at  the  same  time,  and  found  to  be  very  free  from  scale,  deposit  in 
the  tubes  being  less  than  -,',  inch  in  thickness. 

The  author  is  of  opinion  that  the  feed  storage  system  lias  contributed 
largely  to  the  success  of  the  plant  generally,  it  being  possible  to  store  hot 
feed-water  for  eighteen  hours  out  of  the  twenty-four. 


Evaporative  tests  are  made  from  time  lo  time,  of  which  the  two  following, 
carried  out  on  January  10,-  1S99,  are  of  interest : — 

1  a 

Duration 8  a.m.  to  1  p.m.        8  p.m.  to  8  p.m. 

Wiiter  evaporated  from  and  at 

212°  F 72.220  lbs.  108,819  lbs. 

Refuse  burned  75,092  lbs.  60,700  lbs. 

Coal  (Powell  Duffryn) nil  6,272  lbs. 

Number  of  cells  in  use    10  10 

Number  of  hollers  in  use    6  G 

Water  evaporated    per  lb.  of 

refuse  burned 096  lb,  — 

The  load  curve  for  these  tests  is  given  in  the  .iccompan^ing  figure.    The 
abrupt  drop  at  1  p.m.  is  due  to  motors  in  factories  Iwing  switched  off. 

Experience  at  Shoreditch  shows  that  the  full  evaporative  efficiency  of  coal 
is  not  obtained  when  burnt  in  conjunction  with  refuse. 

The  following  is  the  analysis  of  the  refuse  dealt  with  at  Shoreditch  for  Ihe 
year  ending  June,  1898 : — 

Tdiu. 

Domestic  refuse '.    28,187 

Trade  refuse  (straw,  paper,  Ian,  market  refuse,  Ac,       2,267 
Wood  chips,  about 10 
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The  residue  after  passing  through  the  furnace  may  be  divided  as 
follows  : — 

Per  cent 

Common  clinker 29*0 

Fine  ash    2*7 

Fine  dust 0*5 

Old  tins 0-6 

82-8 
The  average  moisture  in  the  refuse  is  20  per  cent. 

Artificial  paving-stones  are  manufactured  from  the  clinker,  consisting  of 
2i  parts  of  ground  clinker  to  1  of  Portland  cement,  ground  very  fine  and 
pressed  at  1^  tons  per  square  inch.  A  sample  slab,  when  supported  at  its 
ends,  sustained  a  weight  of  2,221  lbs.  before  breaking. 

The  cost  per  ton  ot  destroying  refuse  works  out  to  2s.  4*89d.  for  the  year 
ending  June  80,  1898,  and  2s.  6-9d.  for  the  year  ending  June  80,  1899.  This 
includes  the  wages  of  four  furnace  men,  three  top  men,  and  one  foreman, 
supervision  and  clerical  staff,  cleaners  and  yardmen,  repairs,  stores,  &c. 

The  amount  of  electrical  energy  absorbed  in  burning  and  handling  the 
refuse  over  one  year's  working  is — 

Electric  fans 4*0  units  per  ton. 

Electric  lifts  and  tipping  trucks  0*5  „ 

Electric  lighting 0*48 

Gross  results  taken  over  a  year's  working  are  : — 

Total  energy  metered  to  consumers,  including 

181,140  units  supplied  to  destructor 1,081,848  units 

Coal  consumed,  value  J£l,808  14s.  8d 1,844  tons 

Refuse  burnt    26,201  tons 

The  results  of  experience  gained  at  Shoreditch  are  summed  up  as  follows  : 
(1)  That  domestic  refuse  in  London  has  an  average  calorific  value  equal  to 
evaporating  099  lb.  water  per  lb.  of  refuse  burnt.  (2)  That  in  London  it  can 
be  destroyed  for  2s.  5d.,  which  is  stated  to  be  less  than  it  would  cost  to  barge 
away.  (3)  That  the  total  amount  of  power  to  be  obtained  per  annum  from 
the  whole  of  the  refuse  in  London,  if  burned  in  suitable  furnaces,  would 
amount  to  about  133,000,000  B.H.P.  hours.  (4)  That  a  combination  of  one 
boiler  and  two  furnaces  may  be  relied  upon  to  evaporate  2,888  lbs.  water 
per  hour  from  and  at  212°  F.  at  a  pressure  of  200  lbs.  per  square  inch  with 
refuse  as  a  fuel. 

An  interesting  appendix  is  given,  in  which  the  details  and  results  of  other 
destructor  plants  in  various  parts  are  summarised. 

In  the  discussion  S.  H .  Terry  remarked  that  in  the  case  of  forced  draught 
some  means  of  allowing  the  dust  to  subside  should  be  employed.  He  sub- 
mitted drawings  of  an  arrangement  he  had  devised  for  effecting  this  some 
years  since,  which  is  based  on  the  principle  of  reducing  the  velocity  of  the 
gases  by  enlarging  the  flue.  F.  "W.  Webb  said  that  between  4,000,000  and 
5,000,000  bricks  were  made  yearly  at  Crewe  of  refuse  clay  from  the  works. 
C.  Jones  considered  that  a  high  temperature  in  the  furnace  did  away  with 
necessity  for  a  cremator.  A.  H.  Preece  analysed  the  author's  figures,  and 
pointed  out  that  the  refuse  was  equivalent  to  coal  at  25s.  per  ton.  He  advo- 
cated the  use  of  destructors  as  much  as  any  one,  but  there  was  no  question  of 
getting  electricity  for  nothing.  F.  Watson  said  that  high  temperatures 
always  produced  the  hardest  clinker.  E.  C.  de  Segundo  took  exception  to 
the  author's  view  that  1  lb.  of  ordinary  London  refuse  could  be  relied  on  to 
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GAS  AND  OIL  ENGINES. 

1729.  Monarch  Gas  Engine,  (Automotor  Journal,  4.  pp.  391-d98,  May, 
1900.) — A  two-stroke  en^ne  in  which  the  explosive  mixture  is  drawn  by  the 
piston  into  the  crank-chamber  during  the  compression  stroke  of  the  working 
cylinder,  is  compressed  in  the  crank-chamber  during  the  firing  stroke,  and  is 
allowed  to  pass  into  the  working  cylinder  during  a  part  of  the  exhaust  period. 
The  piston  uncovers  an  exhaust  port  before  the  end  of  its  working  stroke,  and 
immediately  afterwards  uncovers  an  inlet  port  leading  from  the  crank- 
chamber.  The  piston  is  provided  with  a  baffle  plate,  which  reduces  the 
tendency  of  the  incoming  charge  to  pass  out  of  the  exhaust  port.  Ignition  is 
effected  by  means  of  an  electric  spark  inside  the  combustion  chamber.  A 
low-tension  electric  system  is  employed,  the  spark  being  produced  between  a 
fixed  insulated  contact  piece  in  the  cylinder  head  and  a  rocking  arm,  which 
passes  through  the  wall  of  the  cylinder,  and  which  is  operated  by  a  slow  make 
and  quick  break  mechanism.  The  ignition  device  is  worked  by  an  eccentric 
upon  the  crank-shaft  of  the  engine,  and  is  so  arranged  that  three  different 
periods  of  ignition,  during  the  compression  stroke  of  the  engine,  are  provided 
for  ;  either  of  these  timing  positions  can  be  used,  according  to  the  engine 
speed  required.  A  battery,  or  a  magneto-machine,  is  connected  in  series  with 
an  iron-cored  solenoid  and  with  the  steel  contact  pieces  in  the  combustion 
chamber.  The  motors,  of  which  detail  drawings  are  given,  are  fitted  with  fly- 
wheel governors  which  regulate  the  amount  of  the  explosive  charge  drawn  into 
the  crank-chamber,  and  are  also  fitted,  for  launch  work,  with  an  exhaust-pipe 
cooling  device  ;  the  latter  consists  of  a  pipe,  leading  from  the  cylinder  water- 
jacket,  which  delivers  a  constant  flow  of  water  into  the  exhaust  pipe.  Various 
sizes  of  these  motors  are  made,  from  1  H.P.  to  12  H.P.  (three-cylinder).  A 
single  cylinder  motor,  having  3J-inch  bore  and  8^-inch  stroke,  develops 
1*2  B.H.P.  when  running  at  600  r.p.m.  A.  G.  N. 

1730.  Blowing  Engine  Worked  by  Blast  Furnace  Gas.  A.  Greiner.  (Mech. 
Eng.  5.  pp.  728-729,  May  26,  1900.  Abstract  of  a  paper  read  before  the  Iron 
and  Steel  Institute,  May,  1900.) — This  paper  gives  a  short  abstract  of  results 
obtained  at  the  Cockerill  Works  with  the  first  blowing  engine  worked  by  blast 
furnace  gas.  A  brake  test  of  the  engine  was  made,  and  the  mean  power 
during  the  day  was  675  H.P.,  the  speed  being  80  r.p.m.  and  I. H.P.  about  700. 
Next  day  the  brake  was  taken  off,  and  the  engine  run  as  a  blowing  engine, 
the  mean  power  developed  being  725  H.P.  The  calorific  value  of  the  gases 
was  on  the  average  984  calories  per  cubic  metre  as  determined  by  Witz's 
calorimetric  bomb,  860  as  measured  by  Junker's  calorimeter.  The  heat 
was  expended  as  follows  :  30  per  cent,  converted  into  work  in  the  cylinder, 
50  per  cent,  carried  off  by  the  water-jacket,  and  20  per  cent,  carried  off  by 
the  escaping  gas.  Drawings  are  already  in  hand  for  three  1,200  H.P.  blowing 
engines ;  while  of  48  gas  engines  of  this  type  at  present  ordered  three  are  for 
works  which  could  not  have  been  established  if  the  new  invention  had  not 
been  brought  into  effect,  i.e.y  in  situations  where  water  is  entirely  absent. 

A.  S. 

1731.  Dawson  Oil  Engine.  (Automotor  Journal,  4.  pp.  321-324,  April, 
1900.) — A  four-stroke  motor  in  which  a  compressed-air  system  is  incorporated 
into  the  engine  itself  in  order  (1)  to  start  it  automatically  in  either  direction, 
by  utilising  air  which  has  previously  been  compressed,  (2)  to  recharge  a  com- 
pressed-air reservoir,  (8)  to  scavenge  the  working  cylinder  during  the  exhaust 
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The  illustrations  show  in  elevation  and  plan  the  main  elements  of  the 
voiturette,  and  a  two-speed  change  gear  in  sectional  elevation.      W.  W.  B. 

1734.  Winton  Petroleum  Spirit  Motor  Car,  (Indus,  and  Iron,  28.  p.  161, 
March  9,  1900.) — This  article  describes  a  petroleum  spirit  motor  vehicle  in 
which  the  departures  from  the  most  usual  practice  are  the  arrangements  of 
petrol  feed  and  air  carburation. 

The  valve  for  admission  of  air  to  the  cylinder  traverses  the  carburetted  air 
admission  from  the  mixing  chamber,  and  passes  into  a  small  dashpot  cylinder, 
the  piston  of  which  is  fixed  to  the  end  of  the  valve  stem.  The  nut  which 
fixes  this  piston  also  fixes  a  bent  spring  which  carries  a  pointed  valve  ;  this 
has  a  seating  in  a  petrol  nozzle,  which  enters  one  side  of  the  air  admission 
pipe  to  the  mixing  chamber.  Thus  at  every  charge  admission  stroke  of  the 
motor  piston,  a  carburetted  air  charge  is  taken  from  the  mixing  chamber,  and 
a  new  charge  of  air  and  petrol  admitted  into  the  chamber.  The  movement 
of  the  pointed  petrol  valve  is  limited  by  an  adjusting  screw,  and  the  dashpot 
forms  a  governor  because  of  the  automatic  variation  of  the  movement  of  the 
charge  admission  valve  with  variation  of  the  motor  piston  speed.  The 
maximum  speed  of  the  engine  as  controlled  by  this  governor  is  adjustable 
by  an  air  cock  on  a  pipe,  opening  the  inside  of  the  dashpot  to  the  atmosphere. 

The  electrical  ignition  apparatus  is  of  the  low-tension  magneto  type,  with 
tappet  make  and  break  inside  the  charge  admission  port. 

The  engine  is  placed  in  the  direction  of  length  of  the  car,  and  drives  by 
spur  gear  a  countershaft  having  two  clutch-controlled  speeds,  and  a  final 
drive  by  chain  to  a  short  pinion  spindle,  gearing  with  a  spur  wheel  on  the 
differential  gear-box.  Speeds  between  those  of  the  gear  at  normal  speed  of 
the  engine  are  obtained  by  varying  the  speed  of  the  latter,  all  ordinary 
running  being  done  by  the  direct  driving  upon  the  differential  gear.  A 
general  arrangement  of  the  car  machinery  and  sections  of  the  motor  from 
patent  drawings  are  given.  W.  W.  B. 

1735.  Mors  Motor  Car.  (Automotor  Journal,  4.  pp.  842-843,  April,  1900. 
From  La  France  Automobile.) — This  is  briefly  descriptive  of  the  four  cylinder 
10  H.P.  (nominal)  Mors  carriage,  with  which  recent  high-speed  records  have 
been  made.  Diagram  views  of  the  motor  and  of  the  electrical  ignition  con- 
nections are  given.  W.  W.  B. 

1736.  Estcourt  Water  Cooler.  (Automotor  Journal,  4.  pp.  833-335,  April, 
1900.) — ^This  article  describes  a  tubular  water  cooler  for  water-cooled  motors, 
so  arranged  that  the  heated  water  rises  to  the  upper  part  of  the  system  of 
piping,  and  being  cooled  by  radiation  falls  therefrom  to  the  lower  part  of  the 
system,  and  thus  keeps  up  a  natural  circulation  of  the  contained  water.  To 
obtain  the  necessary  radiating  surface  the  cooler  is  made  larger  in  height 
than  usual,  and  so  placed  in  the  front  of  the  car  and  on  the  dashboard  that 
it  receives  the  full  effect  of  the  air  current.  As  a  supplementary  means  of 
circulation  a  self-acting  bucket  valve  is  placed  in  one  of  the  columns  carrying 
the  cooling  tubes.  This  valve  rests  upon  a  coiled  spring  of  light  resistance, 
but  of  sufficient  strength  to  carry  the  bucket  normally  at  a  given  position. 
In  running  over  the  roughness  of  an  ordinary  road  the  movements  of  the  car 
are  sufficient  to  bring  into  play  alternately  the  inertia  of  the  valve  and  the 
recoil  of  the  spring,  thus  setting  up  movement  of  the  water  in  one  direction. 
The  object  of  the  apparatus  is  to  dispense  with  either  pump  or  fan.    \V.  W.  B. 
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GENERAL   ELECTRICAL   ENGINEERING. 

1737.  Electricity  Meters,  A.  and  V.  Guillet..  (Comptes  Rendus,  180. 
pp.  1549-1651,  June  5,  1900.) — The  number  of  oscillations  of  a  magnetised 
needle  within  a  coil  traversed  by  a  current,  or  of  a  second  coil  in  series  with 
the  first,  is  proportional  to  the  quantity  of  electricity  passing  through  the  coil 
in  the  same  time  ;  this  is  the  fundamental  principle  of  the  Boys  and  Blondlot 
quantity  meters.  In  order  to  apply  the  method  to  the  measurement  of 
energy,  the  continuous  force  acting  on  the  moving  system  must  be  replaced 
by  an  impulsive  force.  For  this  purpose  the  authors  employ  an  oscillating 
coil  suspended  in  a  magnetic  field,  which  may  be  constant  (in  which  case 
the  meter  measures  quantity),  or  may  be  proportional  to  the  supply  pressure 
(in  which  case  the  meter  measures  energy),  the  circuit  through  the  moving 
coil  being  closed  momentarily  only. 

The  constant  field  may  be  produced  by  a  magnet,  while  the  variable  field 
is  produced  by  a  coil  connected  in  shunt  to  the  supply  terminals.  To  main- 
tain the  vibration,  in  the  author's  model  the  shunt  coil  is  suspended,  and 
makes  a  contact  at  each  end  of  its  swing  ;  the  counting  train  is  driven  by  the 
motion  of  the  coil.     Mathematical  proofs  of  the  theory  are  given.        A.  H.  A. 

1738.  Automatic  Electric  Signals  at  the  Paris  Exhibition.  (Engineering,  69. 
pp.  647-649,  May  18,  1900.) — A  description  of  I.  A.  Timmis's  system  installed 
by  A.  Lavezarri  on  the  electric  railway.  This  is  a  single  line,  about  two 
miles  long,  and  has  four  signalling  points.  The  signal  is  of  the  disc  type, 
fitted  in  an  iron  framework,  closed  in  front  with  clear  glass  and  behind  with 
opal  glass.  The  latter  is  illuminated  powerfully  at  night.  The  arm  consists 
of  fine  red  calico  on  a  light  frame,  and  is  operated  by  a  small  long-pull 
electromagnet  worked  with  twelve  Leclanche  cells  or  five  accumulators. 
Each  signal  has  two  electrical  contacts  fitted  near  the  rails  on  the  outer  side, 
the  first  a  breaking-contact,  and  the  second,  a  little  ahead,  a  making-contact. 
These  are  actuated  by  a  striking  bar,  which  is  fixed  to  the  train,  knocking 
against  arms  or  hangers  belonging  to  these  contacts.  On  leaving  a  station 
the  train  knocks  open  the  breaking-contact,  the  local  circuit  is  broken,  and 
the  signal,  no  longer  held  down  by  its  electromagnet,  goes  to  "  danger  *'  by 
gravity.  This  movement  of  the  arm  switches  in  the  line  circuit  to  the  rear 
signal,  so  that  as  the  train  proceeds  and  knocks  the  making-contact  a  current 
is  sent  to  that  signal  and  the  arm  is  pulled  down  to  "  line  clear."  Another 
train  can  thus  enter  the  rear  section.  Upon  leaving  the  second  station  a 
similar  series  of  operations  is  performed  by  means  of  the  striking-bar.  The 
breaking-contact  is  opened,  the  arm  rises  and  switches  in  the  line  circuit  to 
the  signal  outside  the  first  station,  and  the  making-contact  occurring  imme- 
diately afterwards  sends  a  current  through  that  switch,  pulling  down  the  arm 
of  the  signal  outside  the  first  station,  thus  clearing  the  line. 

A  resistance  comes  into  circuit  locally  at  the  time  when  the  arm  has  been 
lowered  in  order  to  reduce  the  consumption  of  current  for  holding  the  arm. 
This  economy  of  current  is  a  most  essential  feature  of  the  system. 

The  ^bove  description  applies  to  absolute  automatic  working.  For  per- 
missive working  the  connections  can  be  altered  to  allow  of  particular  places, 
not  sections,  being  protected.     For  instance,  at  a  curve,  the  breaking-contact 
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The  following  tabic  and  curves  give  the  figures,  worked  out  (or  an 
armature,  86-6  cm,  diameter,  1-42  cm.  air-gap,  pole  face  140°,  X  =  10°,  282 
conductors,  and  total  armature  current  160  amperes. 


The  paper  also  gives  a  mathematical  determination  of  the  total  number  of 
lines  forming  the  fringe  which  surrounds  the  polar  faces.  R.  B.  R. 

1746.  Direct-Current  Motors.  P.Houel.  (Electricien,  19.  pp.  227-281,  April 
W,  and  266-268,  April  28,  1900.)— The  motion  of  the  armature  of  a  direct- 
current  motor  is  ^vcn  by — 

d^  _XTA¥ 
dl       ■sm?' 
where  ~  is  the  angular  acceleration,  IMF  is  the  sum  of  the  moments  of  the 
couples  acting  on  the  armature,  and  Srnf*  is  the  moment  of  inertia  of  the 
aiTDature,  say  M. 
Also— 


where  I  is  (he  armature  current,  and  4  is  the  number  of  conductors 
multiplied  by  the  total  flux  through  the  armature.  The  counter  E.M.F  =  4»N 
where  N  is  the  number  of  revolutions  per  second.    This  may  be  written— 

,=4,N=?i--. 

If  E  is  the  applied  potential  difference  we  get — 
-f«__2E*  — irpSMF_  4»'w 
dl  *pM  jrp'M' 
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As  /  increases  this  becomes — 
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0*125  sq.  in.  cable,  and  the  rails  in  the  separate  tunnels  are  connected  at  each 
of  the  ten  connecting  passages.  A  return  copper  conductor  1  sq.  in.  section 
is  connected  every  100  ft.  between  each  pair  of  rails  for  a  distance  of  8,800  ft. 
from  Waterloo.  A  train  consisting  of  four  carriages,  each  carried  by  two 
four-wheeled  bogies,  will  carry  204  passengers.  One  bogie  of  each  of  the 
two  end  carriages  carries  two  60-B.H.P.  motors  driving  the  axles  directly 
without  gearing.  There  is  a  clearance  of  5  in.  between  the  tops  of  the 
carriages  and  the  tunnel.  On  each  motor  carriage  two  collecting-shoes  make 
contact  by  rubbing  on  the  conductor  rail.  The  controllers  have  eight  working 
positions,  and  place  all  four  motors  in  series  or  parallel. 

The  following  are  the  results  of  a   whole  day's  test  during    running 
hours : — 


1.  Date  of  test December  29, 1898 

2.  Duration  of  test,  7  a.m.  to  10.85  p.m 15  hrs.  85  mins. 

8.  Total  coal  burnt 18,600  lbs. 

4.  „     water  evaporated    169,000  lbs. 

5.  „     units  generated    2,160  kilowatt-hours 

6.  „        „     taken  by  lighting  and  pumps  ...  780 

7.  „        „        „      for  working  trains 1,480 

8.  Number  of  journeys  run  (Up  and  Down 

counted  as  one  journey)  112 

9.  Number  of  passengers  carried  (estimated)  12,000 

10.  Total  train-miles  run 825 

11.  Average  weight  per  train,  including  pas- 

sengers (estimated)   98  tons 

12.  Total  ton-miles  run  80,225 

13.  Water  evaporated  per  lb.  of  coal,  actual ...  9*09  lbs. 

14.  „              „                „            „      from  and 
at  212°  F 9-72  lbs. 

15.  Coal  per  unit  generated   8*6  lbs. 

16.  Calorific  value  of  coal  12,140  B.T.U. 

17.  Coal   per  train-mile  (excluding  pumping 

and  lighting)  87*8  lbs. 

18.  Coal  per  ton-mile  (excluding  pumping  and 

lighting)  0-407  lbs. 

19.  Water  per  unit  generated    78*2  lbs. 

20.  Units  per  train-mile 4*4  kilowatt-hours 

21.  „        „    ton-mile 0.047     „ 

22.  Average  units  per  Up  journey    5*26      „ 

23.  „  „      „    Down  journey  6-86      „ 

24.  „            „      „    journey  for  shunting  at 
Waterloo 1-15 

25.  Load  factor 88'5  per  cent. 

26.  Maximum  observed    momentary  load    at 

power  house    880  kilowatts 

27.  Maximum  load  averaged  over  6  minutes...  201        „ 

28.  Mean  volts  at  generating  station    505  volts 

29.  Maximum  observed  drop  in  pressure  on 

return  circuit  from  Cit>'  to  Waterloo    ...  4*4  volts 
80.  Mean  observed  drop  in  pressure  on  return 

circuit  from  City  to  Waterloo 1*^',, 
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GENERAL   PHYSICS. 

1766.  Angular  Measurement  by  Mirrors.  A.  Schuster.  (Phys.  Zeitschr. 
1.  pp.  225-227,  Feb.  17,  1900.) — In  the  optical  measurement  of  angles  it  is 
assumed  that  the  mirror  is  parallel  to  its  axis  of  rotation.  This  cannot  always 
be  ensured,  and  it  may  happen  that  in  a  vertical  suspension  the  mirror  is 
inclined  a  degree  or  so  to  the  vertical.  Let  O  (see  diagram)  be  the  centre  of 
the  mirror,  OP  the  axis  of  rotation,  and  OA  the  direction  of  the  incident  ray. 
If  the  normal  to  the  mirror  is  originally  in  the  plane  OPA,  and  the  mirror  is 
deflected  until  its  normal  lies  in  OB,  APB  is  the  angle  to  be  measured.     Let 


it  be  denoted  by  C.  The  reflected  beam  will  lie  in  the  plane  OAD  such  that 
AB=  BD.  The  angle  APD  (C)  is  directly  read  from  the  scale,  and  wc  must 
now  have  an  equation  connecting  C  and  C.  Let  y  be  the  inclination  of  the 
incident  beam,  and  a  that  of  the  mirror  normal.  Then  since  BD  =  AB  =  C, 
we  have  sin  2C  sin  A  =  sin  PDsinC,  and  eventually 

2smjC'-~C)__ cosy 

sin  C  cos  C  cos  *  a  cos  y  -h  sin  a  COS  a  sin  y 

in  the  most  general  form.  For  practical  corrections  the  author  gives  the 
equation 


to  be  added  to  the  scale  reading  x, 
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1771.  Denafy  of  Gases.  R.  Jahoda.  (Akad.  Wiss.  Wien.,  S.ber.  108. 
pp.  808-810, 1899.)— This  paper  describes  some  experiments  on  the  compari- 
son of  densities  of  gases  by  the  organ-pipe  method.  The  pipes  used  were 
closed  ones,  one  having  a  movable  piston.  The  position  of  this  piston  for 
equality  of  frequency  when  the  pipes  are  blown,  one  with  air  and  the  other 
with  the  gas,  is  a  measure  of  the  relative  densities.  A  scale  is  fitted,  and  can 
be  calibrated  in  densities.    The  following  results  are  given  : — 

COf  1-621,  Coal  Gas  0-490,  Water  Gas  0-631,  Oxygen  1*118. 

The  author  has  also  used  the  method  to  determine  the  percentage  of  COj  in 
a  mixture  of  gases.  ].  B.  H. 

1772.  Dust  Nuclei.  C.  Barus.  (Science,  11.  pp.  201-206,  Feb.  9,  1900. 
Prelimin.  Rep.  of  Work  under  Grant  from  Smithsonian  Inst.) — Observations 
on  the  condensation  of  supersaturated  steam  obtained  from  jets,  following  the 
general  method  of  colour  tubes  (U.S.  Weather  Bureau,  Bull.  No.  12,  pp.  104, 
1895).  It  is  already  clear  that  the  velocity  of  diffusion  of  dust  particles 
ejected  from  phosphorus  by  an  oxygen  reaction  is  independent  of  their 
density  of  distribution.  The  author  still  thinks  condensation  is  always 
primarily  du«  to  nuclei,  and  that  whether  they  are  ionised  or  not  is  of 
secondary,  perhaps  negligible,  consequence.  The  fine  phosphoric  dust 
travels  with  a  definite  velocity,  is  absorbed  by  surface,  and  liberated  by  heat ; 
but  it  does  not  appear  to  be  ionised.  There  is  no  noteworthy  difference 
between  the  action  of  air  carrying  such  dust  and  that  of  ionised  air.  On  the 
other  hand  air  bearing  phosphoric  dust  will  dissipate  charges,  as  if  the 
phosphorus  when  emitting  dust  emitted  at  the  same  time  some  form  of 
obscure  radiation.  Sulphuric  acid  does  not  produce  this  effect.  There  is 
promise  of  a  non-electric,  purely  optical  method  of  measuring  the  individual 
velocity,  and  possibly  the  mass  of  the  dust  particles  absolutely.  A.  D. 

1773.  Viscosity  of  Sulphur  at  Temperatures  above  that  of  Maximum  Viscosity. 
C.  Malus.  (Comptes  Rendus,  130.  pp.  1708-1710,  June  18,  1900.)  Experi- 
ments made  according  to  Gernez*  method.     Let 

Si  =  sulphur  which  has  been  kept  for  10  min.  at  357° C. 
St  =      „  „  „  „       more  than  8  hrs.  at  357*^  C. 

r  =  time  spent  in  a  state  of  superfusion  (cooling  bath). 
A  =  time  required  for  the  solidification  of  a  column  of  super- 
cooled liquid  sulphur  one  centimetre  long. 

The  results  of  eighteen  different  experiments  are  summed  up  as  follows : 
"The  A  of  Si  at  100°  depends  on  the  velocity  and  temperature  of  cooling.  It 
decreases  when  r'  increases,  and  tends  towards  the  value  5J  sees.,  which  it 
attains  after  five  or  six  hours,  and  which  it  preserves  indefinitely ;  Si,  at  first 
viscous,  has  then  become  quite  fluid.  This  limiting  value  of  A  is  the  value  of 
the  A  of  St  at  100°  from  the  very  beginning.  St  is  fluid  from  the  start,  and  its 
A  is  independent  of  the  velocity  of  cooling,  the  temperature  of  the  cold  bath, 
and  the  length  of  its  sojourn  therein  (r')." 

Further  experiments  lead  to  the  following  conclusion  :  **  Sulphur,  when 
kept  for  a  long  time  at  100°,  loses  its  viscosity  just  as  at  360°  C,  but  the  cavx«»e 
which  operates  in  restoring  the  viscosity  persists  in  the  ^uXpVvwx  vaVvvOiv  V-a.^ 
lost  its  viscosity  at  100^,  although  it  has  disappeared  irom  \\\e  sw\v^\x^  >k\\\Oc 
has  lost  its  viscosi^  at  85r."  ¥ .  O.^ 
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1783.  Electromagnetic  Illustration  of  the  Theory  of  Selective  Absorption  of 
Light  by  a  Gas.  H.  Lamb.  (Cambridge  Phil.  Soc,  Trans.  18.  pp.  349-363, 
April,  1900.) — The  subject  of  the  scattering  of  waves  by  an  insulated  sphere 
has  been  treated  by  Rayleigh,  Love,  and  G.  W.  Walker,  always  on  the  hypothesis 
that  K,  the  dielectric  constant  of  the  sphere,  is  not  very  great.  The  present 
writer  calls  attention  to  the  case  in  which  K  is  a  very  large  number.  On  this 
hjrpothesis  two  modes  of  free  oscillation  are  possible  whose  wave-lengths  in 
the  surrounding  medium  are  large  compared  with  the  periphery  of  the 
sphere,  and  which  in  general  give  rise  to  slow  dissipation  by  the  scattering  of 
the  waves.  But  when  extraneous  waves  whose  period  is  nearly  coincident 
with  that  of  a  free  oscillation  encounter  the  sphere  the  divergent  waves 
attain  abnormal  intensity. 

A  molecule  being  conceived  as  a  sphere  of  this  nature  the  author  develops 
the  theory  mathematically.  The  results  as  stated  by  himself  are  principally 
as  follows  :  For  every  period  of  free  vibration  there  is  a  period,  nearly  coin- 
cident with  it,  of  maximum  dissipation  for  the  incident  waves.  When  the 
incident  waves  have  precisely  this  period  the  rate  of  dissipation  is,  in  terms  of 

2fi  -I-  1 
the  energy  flux  of  the  primary  waves,  —gz — X*,  where  X  is  the  wave-length 

and  n  the  order  of  the  spherical  harmonic  which  is  effective.  Some  results 
of  this  relation  are  pointed  out.  It  is  observed  that  a  vety  minute  change  of 
X  enormously  reduces  the  scattering.  S.  H.  B. 

1784.  Monochromatic  Vision,  W.  de  W.  Abney.  (Roy.  Soc,  Proc.  66. 
pp.  179-180,  April,  1900.) — An  account  of  a  case  of  monochromatic  vision. 
The  patient's  luminosity  curve  is  given.  All  colours  he  matched  with  white 
with  the  same  facility  as  if  they  were  white.  The  luminosity  curve  agrees 
very  nearly  with  that  of  a  similar  case  previously  described,  and  attention  is 
called  to  the  fact  that  these  curves  are  practically  identical  with  those 
obtained  by  the  normal  eye  when  it  measures  a  spectrum  of  very  feeble 
luminosity,  and  also  agree  with  the  results  obtained  by  measuring  the 
diminution  of  each  ray  when  it  first  becomes  invisible,  stnd  making  a  curve 
of  the  reciprocals  of  the  numbers.  J-  J-  S. 

1786.  Temperature  Control  of  the  Mills  Spectrograph.  W.  W.  Campbell. 
(Astrophys.  Journ.  11.  pp.  259-261,  May,  1900.) — After  considering  the  great 
importance  of  securing  uniformity  of  temperature  of  the  spectrograph  used  in 
determinations  of  the  velocity  of  stars  in  the  line  of  sight  at  the  Lick 
Observatory,  the  author  describes  the  precautions  he  has  adopted  to  secure 
these  conditions.  The  instrument  is  encased  in  a  double  covering  of 
woollen  blanket,  and  then  the  whole  enclosed  in  a  cedar  box  lined  with  hair 
felL  In  this  box  is  distributed  a  length  of  German  silver  wire,  connected 
with  a  rheostat  and  battery,  by  the  regulation  of  which  any  variations  of  tem- 
perature may  be  at  once  corrected.  The  value  of  the  installation  is  admirably 
shown  by  a  table  of  the  thermometer  readings  during  an  actual  night's  work 
of  eight  hours.  While  the  temperature  in  the  dome  varied  from  17*9°  C.  Vq> 
19*0^  C,  the  extremes  in  the  wooden  box  were  18*4°  and  19'QP ,  and  m  \>\^  "^xvswx- 
box  itself  only  18-70°  and  18-84°  C.  V .  ^, 
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1786.  Ulira-Violei  Absorption.  B.  Glatzel.  (Phys.  Zeitschr.  1.  pp.  285- 
287,  March  31,  1900.)~The  author  determines  absolute  absorption  co- 
efficients in  the  ultra-violet  by  means  of  Vierordt's  double-refracting  spar. 
The  substance  is  put  into  a  quartz  trough  and  placed  in  front  of  one  of  the 
slits  of  the  spar.  Comparison  of  the  two  luminosities  is  made  by  photography, 
and  the  co-efficient  of  absorption  is  given  by 

d  log^ 
where   d  is   the   thickness  of  the  film  in  mm.,  and  iji'   the   ratio   of   the 

II  PoUissium    NUraicy 

—  ■    H  J'h.  Swxon. 
—-  ffr  ClaixcV 


I  Acetone 


3M     3M     30O      290     7*J      770     ?«0     ?SO      2*0       ?W 


Fig.  4. 


*" 


3<t0  330      320     310    300    X90    tao      2fO     nO    2Mt     fC 


Fig.  2. 

intensities.    The  diagrams  embody  the  results  for  acetone  and  potassium 
nitrate,  the  latter  being  compared  with  the  results  given  by  H.  T.  Simon. 

E.  E.  F. 

1787.  Curvature  of  Spectral  Lines  in  Spectroheliograph.  W.  S.  Adams. 
(Astrophys.  Journ.  11.  pp.  80^811,  May,  1900.) — The  use  of  a  prismatic 
spectroheliograph  for  the  Yerkes  telescope  necessitated  a  determination  of 
the  amount  of  curvature  of  the  spectrum  lines,  so  that  the  jaws  of  the  slits 
could  be  properly  made.  The  distortion  in  this  case  was  specially  great,  as 
the  slit  had  to  be  nearly  eight  inches  in  length  to  take  in  the  whole  of  the  solar 
image  as  projected  by  the  40-inch  lens.  After  deducing  the  formula  of 
curvature  for  a  two-prism  train,  calculated  and  measured  values  of  the 
distortion  are  given  in  a  table.  C.  P.  B. 


1788.  Specific  Rotation  of  Sugar.  O.  Schdnrock.  (Zeitschr.  Instni- 
mentenk.  20.  pp.  97-118,  April,  1900.  Mittheilung  aus  der  Physikalisch- 
Technischen  Reichsanstalt.)— This  is  an  accurate  investigation  of  the  tem- 
perature coefficient  of  the  specific  rotation  of  various  kinds  of  sugar.  The 
specific  rotation  is  defined  by  the  equation — 


Wt  = 


lOQq, 
Ixpd, 


'here  at  is  the  rotation  in  degrees,  A  the  length  of  the  tube  in  dectmetres,  <i, 
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such  a  substance  to  exist.  The  radiation  of  the  same  preparation  is  consider- 
ably enfeebled  by  a  magnetic  field  whose  lines  are  at  right  angles  to  the 
electric  lines  of  force,  the  radiation  amounting  to  some  80  per  cent,  in  a  field 
of  17,000  units.  Under  the  same  circumstances,  a  radium  preparation  by 
Curie  only  shows  a  radiation  amounting  to  15  per  cent.,  and  polonium  prepar- 
ation none  at  all.  This  magnetic  effect  has  more  recently  been  explained  as 
due  to  the  magnetic  deflection  of  the  rays  in  question.  The  authors  describe 
deflection  effects  similar  to  those  attained  by  the  Curies  and  by  Becquerel. 
Thus,  in  a  magnetic  field  due  to  the  poles  N.S.,  the  radium  rays  produce  two 
luminous  patches,  one  on  each  side  of  the  centre  line  joining  the  poles,  and 
due  to  the  curving  round  of  the  rays  ordinarily  proceeding  upwards  and 
downwards  (see  diagram).  E.  E.  F. 

1806.  Absorption  of  Radium  Rays.  S.  Meyer  and  E.  R.  v.  Schvreidler. 
(Phys.  Zeitschr.  1.  pp.  209-211,  Feb.  10,  1900.)— In  order  to  investigate  the 
various  degrees  of  absorption  undergone  by  radium  rays  from  different  sources 
(see  preceding  Abstract),  the  authors  examined  the  absorptivity  of  a  number 
of  metals  for  the  rays  from  a  radia-active  barium  chloride  and  bromide  pre- 
pared by  Giesely  and  a  carbonate  prepared  by  Curie.  The  transmissions  are 
plotted  in  the  annexed  diagram,  where  curve  I  gives  the  luminosities  trans- 
mitted by  tin  in  the  case  of  Curie's  preparation,  III  by  palladium,  IV  by 
platinum,  and  II  the  tin  curve  of  Giesel's  preparations.  It  will  be  seen  that 
the  first  few  hundredths  of  a  mm.  are  the  most  effective  in  the  absorption,  and 


1 


\i 


ii- 


St» 


H 
H 


SM 


ii' 


K-r-- 


•   "". 


■'-'***--•»■,-.-_, 


-y -'.".:'._. 


Ctf  «w 


MO 


«M  f(M         Jptf 


it  may  be  concluded  that  in  the  case  of  radium  rays,  as  in  R5ntgen,  uranium,  I 

and  thorium  rays,  the  radiation  consists  of  a  large  number  of  rays  of  different  J 
nature.    The  absorptions  were  measured  by  the  electroscope  method,  aod-.^ 

can  therefore  not  be  directly  applied  to  other  effects  such  as  fluorescence  or  I 

photographic  action.     The  connection   between  fluorescence  and  electric  I 

ionisation  is  very  irregular.      Substances  cannot  be  arranged  according  to  I 

their  absorptive  powers,  as  they  vary  with  the  thickness.     For  a  thickness  of  ! 
60  X  10-'  and   Curie's  preparation,  the    succession  is :  paper,  aluminium. 
tin,  copper,  palladium,  platinum.                                                                E.  E.  F. 


1807.    Radiations  from  Radium.     H.   Becquerel.     (Comptes  Rendus, 
180,  pp,  809-815,  March  26, 1900.)--M.  and  Mme.  Curie  have  shown  that  the 
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radiations  from  radium  cany  negative  electric  charges.  They  therefore,  like 
kathode  rays,  probably  depend  on  the  transport  of  matter.  Measurements  of 
the  electrostatic  deviation  in  a  magnetic  field  are  difficult  ;  details  are 
given.  From  the  results  of  these '  measurements,  with  calculations  of  the 
trajectories,  it  appears  that  the  velocity  «»  =  1-6  x  IQ-*'*,  and  the  mass  charge 
ratio  for  the  molecules,  m/^,  =  10~^  quantities  of  the  same  order  as  in  the  case 
of  kathode  rays.  And  on  taking  into  account  M.  and  Mme.  Curie's  value  for 
the  rate  of  loss  of  charge,  it  follows  that  the  energy  radiated  per  sq.  cm.  is 
about  5  ergs  per  second  and  the  quantity  of  matter  lost  per  sq.  cm.  is  about 
one  milligramme  in  a  milliard  years.  A.  D. 

1808.  Radium  Radiations.  H.  Becquerel.  (Comptes  Rendus,  130.  pp. 
979-984,  April  9,  1900.) — It  appears  that  on  traversing  aluminium  or  black 
paper  these  radiations  retain  their  velocities  and  their  charges,  or  at  least  that 
the  product  mvje  varies  little  ;  though  there  are  some  phenomena  which  point 
in  a  contrary  direction.  A.  D. 

1809.  Radium  Radiations.  H.  Becquerel.  (Soc.  Frang.  Phys.,  Bull. 
148.  p.  4,  May  4, 1900.) — Radium  radiations  are  of  three  kinds — a  part  deviable 
by  a  magnetic  field ;  a  part  non-deviablc  and  readily  absorbed  ;  and  a  part 
weaker  and  diffused,  non-deviable,  attributable  partly  to  secondary  rays. 

A.  D. 

1810.  Radium  Radiation  at  Low  Temperatures.  O.  Behrendsen.  (Ann. 
d.  Physik,  2.  2.  pp.  336-337,  June,  1900.) — The  activity  of  a  radium  preparation 
was  tested  at  ordinary  temperatures,  and  at  the  temperature  of  liquid  air,  by 
the  electrometer  method.  It  was  found  that  the  cooling  of  the  preparation 
reduced  its  radio-activity  by  more  than  one-half.  On  heating  it  up  again  to 
the  normal  temperature,  a  slight  increase  of  radio-activity  was  discovered. 
This  is  quite  in  agreement  with  the  behaviour  of  phosphorescent  bodies  as 
described  by  Lumiere,  The  author  also  remarks  that  the  polonium  sublimates 
prepared  a  year  ago  have  lost  a  considerable  part  of  their  radio-activity. 
Giesel  makes  the  same  remark  concerning  his  own  polonium  preparations. 

E.  E.  F. 

1811.  Uranium  Radiation.  H.  Becquerel.  (Comptes  Rendus,  130.  pp. 
158^1585,  June  11,  1900.) — Two  different  kinds  of  Becquerel  rays  have  up  to 
the  present  been  discovered.  One  kind  has  practically  all  the  characteristics 
of  kathode  rays,  and  is  deflected  by  both  magnetic  and  electric  forces.  The 
other  kind  is  not  deflected  by  either,  and  shows  various  degrees  of  absorption 
by  metals  and  other  opaque  substances.  Radium  emits  both  kinds  of  rays. 
Polonium  only  emits  the  second  kind,  while  Debierne's  "  actinium  "  only  emits 
kathode  rays.  The  author  endeavours  to  determine  the  exact  nature  of  the 
ra)rs  emitted  by  uranium,  the  first  substance  which  was  found  to  emit  the  rays 
named  after  him.  The  difficulty  of  operating  with  uranium  lies  in  the  feeble- 
ness of  its  radiation.  He  found,  however,  that  the  rays  emitted  were  deflected 
to  about  the  same  extent  as  the  most  penetrating  radium  rays.  That  might 
he  explained  by  the  supposition  that  uranium  contains  an  admixture  of 
radium,  and  that  the  true  uranium  rays  are  feebler.  But  the  author  believes 
that  these  deflected  rays  are  due  to  actinium.  They  can  be  removed  by 
treating  the  uranium  chloride  with  barium  chloride.  Radio-active  barium 
sulphate  is  produced,  and  a  purified  uranium  salt  remains.  Further  purification 
makes  no  difference,  and  hence  it  is  probable  that  uranium  has  a  definite 
though  feeble  radiation  of  its  own.  IL.  Yi.  Y 
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mulates  three  laws  :  (1)  The  law  of  variation  of  the  position  of  equilibrium  at 
constant  temperature,  viz.,  "  Every  increase  of  pressure  taking  place  rever- 
sibly  and  at  constant  temperature  changes  the  position  of  equilibrium  in  such 
a  way  that  the  specific  volume  diminishes."  (2)  The  law  of  variation  of  the 
position  of  equilibrium  with  change  of  pressure.    This  gives  rise  to  two  cases 

accordmg  as  -r-^  >  or  <  0.     In  the  second  case  the  chemical  variable  x  is 

distinguished  as  a  ^  variable.  (8)  The  law  of  variation  of  the  position  of 
equilibrium  with  change  of  temperature.  The  condition  of  the  thermo- 
dynamic potential  under  constant  pressure  is  also  discussed. 

In  the  first  chapter  is  treated  the  case  in  which  the  variable  v  alone  is 
affected  by  hysteresis. 

In  the  second  chapter  the  variable  x  (i.e.,  x  or  y)  alone  is  affected  by 
hysteresis,  and  in  paragraph  (1)  the  foundation  of  the  theory  is  explained  on 
this  hypothesis  ;  and  in  (2)  the  ,r  SLndy  variables  are  distinguished.  In  para- 
graph (3)  the  author  treats  of  isothermal  variations,  with  two  assumptions, 
namely — (a)  For  given  T  and  x,  v  diminishes  as  tr  increases ;  (/>)  every 
isothermal  variation  is  subject  to  the  law  (2)  of  the  introduction^     Paragraph 

(4)  deals  with  isobaric  variations.  The  author  assumes,  thirdly,  that  every 
isobaric  variation  is  subject  to  law  (8)  of  the  introduction.     Next  in  paragraph 

(5)  are  discussed  closed  cycles  and  *'  natural  states/'  and  the  distinction  is 
drawn  between  systems  of  the  first  or  second  kind  according  as  for  a  certain 

function  ^,    ^^^'^'    '  >  or  <  0. 
^         ax 

The  writer  then,  in  paragraph  (6),  defines  pseudo-reversible  processes  as 

those  in  which  throughout  a  cycle  of  changes  the  system  is  always  in  a  natural 

state,  but  at  the  end  k  and  T  return  to  their  initial  values.     He  makes  with 

respect  to  these  a  fourth  assumption,  viz.,  every  pseudo-reversible  process 

fulfils  Clausius'  equation,  ^  =  0.     In  paragraph  (7)  is  discussed  Clausius 
inequation  (Ungleichung),  and  we   have  a  fifth   assumption,  viz.  :    In   every 

possible  irreversible  process  Clausius'  inequation,     -^  >  0,  is  satisfied. 


In  the  application  of  the  theorems  to  isothermal  variations,  paragraph  (8), 
a  sixth  assumption  is  made,  viz. :  The  neighbourhood  of  a  natural  state  is  for 
a  system  of  the  first  kind  when  for  a  certain  function  O  (the  apparent  thermo- 
dynamic potential  under  constant  pressure  n) — 


cPil      _ 

for  a  system  of  the  second  kind  when — 

cPil      ^ 
^?<^ 

He  then  in  paragraph  (9)  discusses  the  law  of  the  variation  of  the  natural 
state  by  pressure ;  in  (10)  by  change  of  temperature  ;  in  (11)  the  conditions 
for  the  fulfilment  of  Clausius'  inequation  throughout  an  isothermal  process  ; 
and  (12)  throughout  an  isobaric  process.  Paragraph  13  deals  with  the 
position  of  a  simple  cycle  with  respect  to  the  series  of  natural  states,  and 
paragraph  (14)  with  isobaric  variations.  S.  H.  B. 
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an  indiarubber  band  which  is  stretched  over  the  fingers  is  influenced  but 
little  by  the  tension,  particularly  if  this  is  considerable.  Measurements  of 
the  pitch  of  the  note  produced  under  various  tensions,  as  well  as  the 
variations  of  length  and  sectional  area,  show  that  in  indiarubber  Young's 
modulus  is  proportional  to  the  square  of  the  stretched  length  of  the  cord. 
That  being  so,  the  author  proves  theoretically  that  the  frequency  of  a  greatly 
stretched  indiarubber  cord  will  increase  very  slowly  with  the  increase  of 
tension.  The  formula  deduced  for  the  relation  between  the  pitch  n,  the 
natural  length  /,  and  the  stretched  length  L  is — 


" « ^'^^ 


which  gives  a  very  slow  increase  of  n  with  L  when  the  latter  is  large. 

E.  E.  F. 

1827.  Vibration  of  a  String  under  a  Moving  Force,  M.  Radakovid. 
(Akad.  Wiss.  Wien,  S.ber.  108.  pp.  677-612,  1899.)— In  the  motion  of  a  train 
over  a  bridge,  the  latter  is  subjected  to  two  kinds  of  forces  whose  point  of 
application  is  displaced.  One  of  them  is  the  moving  weight  of  the  train,  the 
other  is  the  succession  of  impulses  produced  by  the  rotation  of  the  main 
wheels  of  the  engine  and  the  crossing  of  rail  joints.  The  full  theoretical 
discussion  of  these  impulses  has  never  been  carried  out,  though  Stokes, 
Willis,  Boussinesq,  and  Steiner  have  treated  certain  restricted  problems  in 
connection  with  it.  The  author,  therefore,  attempts  the  mathematical 
discussion  of  a  simplified  problem,  that  of  the  vibration  of  a  string 
excited  by  a  series  of  impulses,  and  carries  it  out  completely.  In  doing 
so,  he  uses  in  the  first  instance  d'Alembert*s  integral,  but  also  employs 
that  of  Bcrnouilli,  which  indicates  a  method  of  solution  capable  of  being 
applied  to  other  vibrating  systems,  notably  to  a  rod  vibrating  transversely. 

E.  E.  F. 
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capable  of  conveying  electricity  to  have  an  eiqual  mass,  the  current  in  a  metal 
subjected  to  a  constant  electric  force  may  be  regarded  as  due  to  the  wander- 
ing of  ions  of  constant  mass  and  constant  charge  with  a  certain  constant 
average  velocity.  Let  the  number  of  these  ions  per  unit  of  volume  be  N. 
There  must  be  several  kinds  of  ions,  two  at  least,  for  there  is  no  free 
charge,  and  we  have,  therefore, 

2N^  =  0  (1) 

when  t  is  the  elementary  charge. 

Regarding  for  the  present  only  one  kind  of  ions,  and  denoting  by  I,  jj,  I 
the  components  of  the  displacement  of  an  ion  from  its  position  of  rest,  we 
have  in  case  of  a  constant  electric  force  X 

|f  =  trX  (2) 

This  equation  can  be  interpreted  as  meaning  that  under  the  influence  of  a 

friction    proportional   to  ;^   the  ion  acquires  a  constant  velocity  under  a 

constant  force  X.  If  X  changes,  the  equation  of  motion  of  the  ion  be- 
comes 

«S-5=,X-i|«  (8) 

The  quantity  -  may  be  called  the  friction  of  the  ion,  and  v  its  mobility ; 

V  is  really  the  velocity  which  the  ion  assumes  under  the  permanent  influence 
of  one  dyne. 

If  we  introduce  the  additional  assumption  that  the  ion  is  driven  back  to 
its  position  of  equilibrium  by  a  force  proportional  to  ^,  the  equation  of  motion 
would  be 

This  would  have  to  be  done  in  order  to  explain  the  optical  properties  of 
insulators.  In  that  case  the  displacement  X  is  finite.  If  in  the  course  of 
this  displacement  the  ion  does  not  meet  another  to  which  it  can  commu- 
nicate its  charge,  a  constant  force  X  cannot  produce  a  constant  current. 
Hence  ions  subject  to  equation  (4)  may  be  called  insulating  ions,  and  those 
subject  to  equation  (8)  conducting  ions.  Equation  (8)  can,  however,  only 
be  regarded  as  applying  to  an  average  state,  for  strictly  speaking  all  ions 
will  be  subjected  to  restoring  forces,  and  the  velocity  of  the  conducting 
ions  will  be  disturbed  by  impact  upon  the  neighbouring  ones. 

The  X  component,  j!e  of  the  current  density  brought  about  by  the  dis- 
placement 5  has  the  value 

>i  =  .N|i  (5) 

all  measurement  being  made  in  electrostatic   units.    The  total  current  is 

obtained  by  adding  to  the  ionic  currents  the  displacement  current  in  the 

ether,  which  has  the  value 

1    DX 


f" —  —  — 
^"^  Aw  Tit 

and  it  may  then  be  assumed  that  the  difference  in  the  electrical  behaviour  of 
different  bodies  is  solely  due  to  differences  in  the  qualities  of  the  ions,  but 
that  the  ions  are  immersed  in  an  ether  having  everywhere  the  same  pro- 
perties. 
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The  total  current  density  in  the  direction  OX  is  then 

If  X  is  constant,  and  ^  is  zero  for  zero  time,  we  have 

1^  =  veX  (1  -  e-'i"*^)  (9) 

and  if  we  put 

mv  =  ei^TT  (10) 

0  is  the  time  during  which  a  constant  electric  force  X  must  operate  before  an 
ion  of  mass  m  assumes  a  velocity  only  differing  from  its  final  velocity  by  the 
^'^th  part,  say  0*2  per  cent.  This  time  9  may  be  called  the  excitation  period 
{Anregungszeit)  of  the  ion. 

For  /  =  inf.,  we  have  from  (9)  and  (8) 

h  =  S<f»i;N  .  X  =  <r'X  (11) 

where  the  constant 

<r'  =  S^vN  (12) 

and  has  obviously  the  meaning  of  the  *\  conductivity  "  of  the  body  in  absolute 
electrostatic  units. 

If  X  and  (  are  periodically  variable,  they  must  be  put  as  proportional  to 

e'^^'l^,  where  /=>/ — 1  and  r  is  the  period.  Then  we  have  by  (8)  and  (10) 
for  the  conducting  ions 

^  — -  •  Jl       ^^         ^  nd\ 

^  -bt"       '    27r  l  +  i»/r  *  ^t  ^^*^ 

Supposing  only  conducting  ions  to  be  present,  we  have,  by  (8)  and  (14) 

4^,=  J]^{l-2.>.^-^J  (16) 

and  on  putting 

4^jr  =  €  ^  (16) 

where  €  can  be  a  real  or  complex  quantity  depending  upon  r,  we  have  by 
Maxwell's  theory  the  following  equation  for  the  refractive  index  n  and  the 
absorption  *c  of  the  body  : — 

„»  (1  —  i^y  =  €  (17) 

From  a  combination  of  these  equations,  the  author  draws  the  following 
conclusions,  which  he  verifies  for  18  metals  : — 

(1)  K  may  be  greater  than  unity.  (2)  When  r  is  <  1,  then  n*  (1  —  r)  must 
also  be  <  1.  (3)  w*ic  is  always  <  r2<r,  i.e.,  n\  <  ra.  (4)  The  more  n*r  lies 
below  t<t'  in  a  given  metal,  the  greater  must  be  the  excitation  period  B  as 
compared  with  r  in  the  case  of  some  kinds  of  ions  whose  conductivity  9  is  a 
perceptible  portion  of  the  total  conductivity  <r',  and  the  greater  is  r  in  com- 
parison with  n.  (6)  wjc,  fi*r,  and  «*(ic'— 1)  must  always  increase  with  r.  (6) 
Generally  speaking,  n  increases  with  r.  But  in  metals  with  small  n  and 
large  «,  n  may  decrease  with  r. 

The  author  then  proceeds  to  determine  the  characteristic  constants  9  and 
0,  of  the  various  kinds  of  ions  from  the  existing  records  of  n  and  nm  and  the 
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as  to  give  a  smaller  sensitiveness  with  a  large  number  of  turns  than  with  a 
single  loop.  This  instrument,  because  of  the  resistance  of  the  thermo- 
j unction,  cannot  be  made  to  have  the  extreme  delicacy  of  Boys's  original 
radio-micrometer.  It  has,  on  the  other  hand,  a  sensitiveness  that  is  not  easily 
obtainable  by  the  use  of  a  thermo-j unction  with  a  low  resistance  galvano- 
meter. .  E.  E.  F. 

1840.  Effect  of  Feelers  allached  to  a  Right  Oscillator.  A.  Lindemann. 
(Ann.  d.  Physik,  2.  2.  pp.  376-397,  June,  1900.)— The  author  has  completed  a 
systematic  study  of  the  influence  of  the  mast  wire  upon  the  intensity  and  the 
wave-length  of  the  system  of  waves  emitted  by  a  Righi  oscillator.  He  used 
a  horizontal  arran;;ement  for  the  latter,  and  was  thus  enabled  to  attach 
auxiliary  wires  on  both  sides.  He  found  that  such  an  oscillator  emits  two 
superimposed  wave  trains,  one  of  which  has  the  same  wave-length  as  that 
emitted  by  the  oscillator  without  the  wires,  while  the  other  has  a  greater 
wave-length,  determined  by  the  period  of  the  whole  oscillating  system  con- 
sisting of  the  balls  of  the  oscillator  and  the  wires  joined  by  air  sparks. 
The  effect  of  the  wires  upon  the  original  wave  train  of  the  oscillator  is  to 
strengthen  it,  since  waves  of  the  same  length,  but  less  damped,  are  emitted 
by  the  wires.  The  advantage  of  the  wires  increases  as  the  air-gap  separating 
them  from  the  oscillator  is  diminished.  As  the  air-gap  increases  the  amplitude 
of  oscillation  of  the  whole  system  decreases  in  comparison  with  the  ampHtude 
of  the  original  oscillation,  and  the  damping  factor  increases.  When  one  of 
the  "  feelers  "  was  put  to  earth,  and  the  other  left  in  position,  thus  approxi- 
mating to  the  arrangement  used  by  Marconi,  the  second  wave  system  could 
no  longer  be  proved  to  exist.  At  least  its  wave-length  could  no  longer  be 
determined.    Otherwise  the  phenomena  were  the  same.  E.  E.  F. 

ELECTRICAL    PROPERTIES  AND   INSTRUMENTS. 

1S50.  Hall  Effect  in  Liquids,  L.  Amaduzzi  and  L.  Leone.  (Accad. 
Lincei,  Atti,  9.  pp.  252-255,  April  1,  1900.) — To  decide  the  question  whether 
the  Hall  effect  is  possible  in  liquids  [see  Abstracts  Nos.  46  and  945  (1898)],  the 
authors  take  a  non-electrolytic  liquid  containing  a  substance  which  shows  the 
Hall  effect  very  strongly  in  the  solid  state.  The  liquid  is  an  amalgam  of 
bismuth.     It  shows  the  Hall  effect  very  well,  whereas  pure  mercury  does  not. 


Instead  of  the  cross  used  by  Hall,  Righi's  arrangement  was  adopted  as 
requiring  less  exact  outlines.  Two  trapezes  of  plate  glass  were  cut,  A  B  C  D 
(see  diagram),  B  C  being  61  cm.  On  one  of  them,  a  triangle  E  F  G  was 
painted  with  a  commercial  glue  mixed  with  zinc  oxide,  and  small  plates  of 
amalgamated  copper  were  laid  on  at  H,  L,  and  M.  The  second  glass  was 
then  put  on  top,  and  all  the  edges  glued  round  with  the  same  glue  except  A  D 
The  trapeze  was  then  exhausted  and  A  D  plunged  into  a  15  per  ceTil.Vyvsw\v\N\\ 

VPJL  IIL  3  A 
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ductivities  had  the  same  ratio  to  one  another,  the  full  sum  would  be 
available ;  and  with  junctions  at  1000°  C  and  ordinary  room-temperature,  about 
77  per  cent,  of  the  heat  supplied  to  the  hot  junction  would  be  in  the  first 
place  converted  into  energy  of  current.  About  half  this  would,  however,  be 
lost  in  Joule  effects,  and  the  other  half,  say  38  per  cent.,  would  be  available 
for  the  total  circuit,  but  half  of  this  would  again  be  lost  in  Joule  effects, 
leaving  19,  or  say  15,  per  cent,  efficiency.  This  rate  of  efficiency  would 
be  most  valuable,  but  the  proper  conducting  materials  are  still  to  seek,  so  that 
the  two  E.M.F.'s  may  be  opposed  and  as  nearly  as  possible  equal.  A.  D. 

1853.  Effects  of  Strain  on  Thermo-electric  Qualities,  M.  Maclean.  (Roy. 
Soc,  Proc.  66.  pp.  166-178,  April,  1900.) — In  a  previous  paper  [see  Abstract 
No.  1177  (1899)]  an  account  was  given  by  the  author  of  his  attempts  to 
determine  the  magnitude  of  the  thermo-electric  effects  obtained  from  any  one 
metal  strained  and  unstrained.  A  description  of  the  continuation  of  similar 
experiments  is  given  in  this  paper,  the  metals  used  being  commercial  and 
pure  lead,  annealed  steel,  aluminium  and  nickel.  The  method  employed 
was  to  take  a  piece  of  the  wire  and  draw  it  through  a  few  holes  of  a  draw- 
plate,  so  as  to  reduce  its  cross  sectional  area  to  about  a  quarter.  The 
two  pieces  of  wire,  one  drawn  and  one  undrawn,  were  then  joined,  and 
observations  were  made  on  the  currents  obtained  as  the  difference  of 
temperature  of  the  junctions  was  raised  by  successive  steps  to  100°  C.  The 
current  in  micro-amperes  per  degree  up  to  100°  C  being  known  and  the 
resistance  of  the  conductors  measured,  the  thermoelectric  difference  per 
degree  between  drawn  and  undrawn  wires  is  found.  The  results  obtained 
were  as  follows  : — 

Steel,  annealed    01028 

Aluminium  0*0099 

Nickel   0-8784 

Lead,  commercial  0*026 

Lead,  pure 00076 

The  numbers  express  the  thermo-electric  differences  in  micro- volts  per  degree 

C  diff.  of  temp.     In  the  cass  of  steel  the  values  obtained  were  : — 

■  ..  .  ■  • 

....  1.  Glass-hard  steel    )  _  _.      -  u         . j  ^  i^ 

.         2,  Unannealed  steel  r''5  .  ™^^°-^'°"*  P**^  ^"^- ^- 

1.  Unannealedsteel) -^ -j5 

2,  Annealed  steel      j 


1.  Glass-hard  steel 

2.  Annealed  steel      *  '  "' 
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Experiments  were  also  made  to  determine  the  thermo-electric  difference 
between  free  wires  and  wires  previously  permanently  elongated  by  a 
longitudinal  stress.  The  results  are  given  in  a  table  and  include  various 
kinds  of  copper,  and  reostene,  platinoid,  German  silver,  manganin,  aluminium 
and  nickel.  Further  experiments  are  next  described  on  the  thermoelectric 
differences  between  free  wires  and  wires  while  (a)  under  stress  within  their 
limits  of  elasticity,  and  (6)  under  stress,  stretching  them  beyond  their  limits  of 
elasticity.  It  appears  (1)  that  for  small  longitudinal  strain  in  copper  or  in  iron 
the  direction  of  the  current  through  the  hot  junction  is  the  same,  whether  the 
force  which  produced  the  permanent  strain  is  on  or  off ;  (2)  that  a^^  \.Vv^ 
pernuuient  elongation  is  increased,  a  stage  is  reached  ^Viich.  ^wes  iotq 
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diagram,  where  G  is  the  organ  pipe,  H  the  reed,  J  a  platinum  tip  attached 

to  it,  O  a  cushion  of  air  which  serves  to  impart  the  necessary  elasticity  to  the 
water,  and  E  the  tube  through  which  the  water  flows  in.  The  level  of  the 
mercury  is  regulated  by  the  tap  C  and  the  reservoir  L,  connected  to  it  by  the 
flexible  tube  K.    Interruption  is  very  abrupt,  owing  to  the  high  resistance  of 


the  wafer,  and  the  rate  of  interruption  is  of  course  much  steadier  than  in  the 
Wehnelt  interrupter,  but  on  the  other  hand  it  cannot  be  brought  much  higher 
than  100  per  second.  Any  mercury  carried  off  by  the  water  can  be  collected 
in  a  wash  bottle  inserted  in  the  water  current.  The  platinum  point  shows 
very  little  wear,  owing  to  the  cooling  effect  of  the  water.  E.  E.  F. 

1863.  Wehnelt  Interrupter  Circuits.  Q.  T.  Hanchett.  (Elect.  World 
and  Engineer,  85.  pp.  668-665.  May  5,  1900.)— The  author  studies  the 
indications  of  commercial  electric  measuring  instruments  when  used  on 
circuits  containing  a  Wehneit  interrupter.  The  fact  that  direct -current 
instruments  in  the  primary  circuit  give  large  deflections  shows  that  the  main 
current  value  predominates  on  one  side  of  the  zero  line.  The  current  wave 
is  full  of  jagged  peaks  with  greater  rate  of  change  on  the  decrease  than  on 
the  increase.  The  formidable  and  unidirectional  secondary  discharge  could 
not  be  otherwise  accounted  for.  The  voltage  of  supply  can  be  measured  with 
reasonable  accuracy  by  any  suitable  commercial  instrument.  An  indicating 
wattmeter  of  the  idynamometer  type  will  give  approximate  results  on  the 
various  parts  of  the  Wehnelt  circuit.  A  calorimetric  test  of  the  interrupter 
will  greatly  assist  in  verifying  this  possibility.  The  inductive  portions  of  the 
circuit  generate  a  back  electromotive  force  of  self- indue  I  ion,  which,  combined 
with  the  impressed  electromotive  force,  produce  a  resultant  often  much 
larger  than  the  total  line  voltage  and  undoubtedly  lagging  behind  the 
pulsating  impressed  electromotive  force.  The  electromotive  force  wave 
around  the  inductive  resistance  is  filled  with  peaks  o(  instantaneous  maxima 
exceedingly  steep  and  abrupt  and  nearly  evenly  divided  on  either  side  (rf  the 
zero  line.  Around  the  interrupter  is  generated  an  electromotive  force  which 
combines  with  the  impressed  electromotive  force,  producing  a  rcsultajit  often 
very  much  larger  than  the  line  potential,  and  leading  the  impressed  pulsating 
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rays  are  met.  If  several  successive  alternations  are  to  be  obtained  in  one 
revolution,  the  recording  paper  or  film  can  be  mounted  on  an  auxiliary  shaft 
driven  by  the*  first  through  some  suitable  gear.  The  exposure  depends  upon 
the  strength  of  the  rays,  the  velocity  and  diameter  of  the  shaft,  and  the 
tracing  medium  used.  With  a  Wimshurst  machine  to  generate  the  rays,  the 
author  obtained  a  good  record  on  bromide  paper  in  five  minutes,  and  on  an 
Eastman  film  in  one  minute.  E.  E.  F. 


ALTERNATING  CURRENTS  AND  MAGNETISM. 

1866.  Expression  of  Power  in  Alternating  Current  Circuits.  H.  Sire  de 
Vilar.  (Eel.  Electr.  23.  pp.  246-252,  May  19,  1900.)— A  simple  harmonic 
function  can  always  be  transformed  into  an  exponential  function  thus — 

cos  .r  =  2  (^'"^  +  e~'\   where  /  =  v/~-^. 

The  harmonic  function  — 

y  =  A  cos  (uft  +  0) 
can  be  w^ritten — 

jy  =  ^  I /-'  +  '>  +  ,-'-'-'>  I 
A  (    10   i4i>/        -10  —iu)t  ) 

Now  consider  two  harmonic  functions — 

Ai  101  tut  .  Ai  ^101  -iutt 


Their  product  is- 


A>  /02  iw/  .  Aj  -/0a  —iiot 


__AiAf  /(0i  -f  03)  2/u>/      AiA,  -i(0,  -f  00  -2not 
}\yi        ^    e  ^'4*^  ^ 

AiA,  /(0,  —  0a)      AiAy  -/(0,  —  0,) 
"^    -4  -^  +     4    ^ 

The  same  result  is  arrived  at  by  decomposing  into  its  vector  constituents 
each  of  the  real  terms  of  the  product  yiy^. 

We  see  that^i^'j  is  half  the  sum  of  two  imaginary  conjugates. 

Here  we  agree  to  take  one  of  these  vectors  to  represent  yiy^  and  put — 

(  V    vA  —  AlAf    /(0,  -f  0a)    2l..i/  A,  A,   1(0.  —  0a) 

Kyo^) 2~^  ^        "*"  ~2~ 

If  from  the  instantaneous  products  we  pass  to  the  mean  products  over 
a  period,  we  get — 


-^0.) 


If  in  place  of  the  amplitudes  we  consider  the  virtual  values,  we  get — 

T 


'U    0'O'»)^//  =  A,A,^'(^'-^^) 
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We  thus  obtain  the  imaginary  expression    of    the  power    already   found 
by  Steinmetz. 

^^      iyO'i)^^^  =  Ai A,  I  cos  (0,  —  ^2)  +  i  sin  (^,  —  0,)  J- 

The  first  term — 

AiA,cos(0i  — ^,) 

is  the  real  power,  and  the  term — 

AiAisin(0i  — ^,) 
is  the  wattless  power. 

We  note  that  if  in  the  product  yiyt  we  had  neglected  the  second  imaginary 
instead  of  the  first,  we  should  have  represented  yiyt  by — 

(  y,ys)  =  A2Aj^-/(0i  +  *  J        AiA>^-l(0,  —  0a) 


and  the  integral  would  then  be 

•T 


lf\       ...      AiA,-i(0, 


— 0>) 


=  -^'|cos(0,  — 0,)  — jsin(0i  — 0,)l 


In  the  other  terms  the  real  power  remains  the  same  and  the  wattless  power 
changes  in  sign.  W.  G.  R. 

1867.  Permanent  Magnets  and  Temperature  Coefficients,  I.  Kleinen£i£. 
(Akad.  Wiss.  Wien,  S.ber.  108.  pp.  491-610,  and  989-1000,  1899.)— Eighteen 
pieces  of  steel  of  square  section  were  magnetised  in  a  uniform  field  of  8*66 
units  and  their  temperature  coefficients  (/3)  were  measured  by  means  of  a 
magnetometer  and  compensating  coil.  The  temperatures  ranged  from  2°  to 
35°  and  the  specific  resistance  (a)  was  measured  at  the  ends  and  middle  in 
order  to  judge  the  hardening.  It  is  shown  that  /3  is  inversely  proportional  to 
the  quantity,  length  /  breadth  {lib).  The  results  obtained  for  one  specimen 
4  mm.  broad  are  given  in  the  following  table  : — 


/ 

nearly. 

fi 

Mean 
temp. 

lib 

/3  X  lib  X  10* 

cm. 

4 

0000487 

19-5 

9-9 

42-2 

6 

301 

19-5 

15-2 

46-5 

8 

213 

19-8 

20-6 

43-7 

10 

176 

19-7 

25-4 

44-8 

15 

135 

20-8 

37-7 

51-8 

The  induction  coefficients  were  determined,  in  various  fields  and  for 
magnetic  and  unmagnetic  conditions,  of  the  same  steel  bars  as  were  used  in 
the  determination  of  the  temperature  coefficients.  If  ft  and  /lo  represent  the 
changes  in  magnetic  moment  per  gramme  per  unit  field  in  magnetised  and 
unmagnetised  conditions  respectively,  fio  is  found  to  be  greater  than  ft,  when 
the  dimension-ratio  of  the  magnet  (length/breadth)  varies  between  40  and  15, 
and  for  dimension-ratios  between  15  and  5,  /i  and  fi%  are  practically  equal.  So 
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far  as  the  experiments  go,  these  coefficients  do  not  change  with  the  field 
strength,  but  vary  in  the  same  sense  as  the  dimension-ratio.  A  series  of 
experiments  (on  magnetisation)  in  which  the  same  bars  were  tested,  first,  by 
withdrawing  the  magnetising  force  suddenly,  and,  second,  by  reducing  it 
gradually  to  zero,  shows  that,  except  when  the  dimension-ratio  is  very  small, 
there  is  very  little  to  be  gained  by  magnetising  by  the  second  method.  The 
increase  obtained  by  the  second  method  is  more  marked  when  the  sectional 
area  is  large.  G.  E.  A. 

1868.  Condenser  Currents  in  Symmetrical  Polyphase  Systems  and  their 
Graphical  Representation.  C.  E.  Guye.  (Eel.  ifelectr.  28.  pp.  408-415,  June 
16, 1900.) — The  author  states  that  the  high  voltages  now  used  in  power  trans- 
mission schemes  make  the  problem  of  the  condenser  currents  in  a  polyphase 
system  one  of  great  importance.  He  shows  how  to  calculate  the  condenser 
currents  in  the  case  when  we  have  two,  three,  or  four  conductors  symmetri- 
cally placed  inside  a  hollow  cylindrical  conducting  sheath,  when  everything 
is  symmetrical  and  the  E.M.F.'s  follow  the  harmonic  law.  In  the  case  of  a 
three-phase  system,  for  example,  we  can  calculate  the  condenser  currents  on 
the  supposition  that  we  have  a  condenser  of  capacity  K  connecting  each 
main  to  the  sheathing  [see  1900,  Abstract  No.  1808],  The  calculation  of  K 
presents  very  great  difficulty,  but  it  can  easily  be  determined  practically  as 
follows.  First  measure  the  capacity  (Ki)  between  the  three  conductors  in 
parallel  and  the  outer  sheathing  in  the  ordinary  way  by  a  ballistic  gal- 
vanometer and  a  standard  condenser.  Next  measure  the  capacity  (K,) 
between  one  of  the  conductors  and  the  other  two  joined  to  the  sheathing. 
Then  the  author  proves  that — 

„__9K,-K, 
*^""         6~ 

The  following  data  concerning  three  three-phase  high  tension  conductors 
are  given  by  M.  Revillod,  of  the  Berthoud  Borel  Cable  Company  at  Lyons : — 

1st  cable.  2nd  cable.  3rd  cable. 

Working  pressure  in  volts 10,000  10,000  20,000 

Section  of  conductor  in  sq.  mms 85  140  50 

Diameter  of  conductor  in  mms 13*1  16*65  13-85 

Length  of  cable  in  kilometres 5  (about)     11  0*1 

Minimum    distance    between  conductor 

and  sheathing  in  mms 9  9  18 

Minimum  distance  between  two  con- 
ductors in  mms. . 10*5  10*5  18 

Capacity  per  kilometre  between  three 
conductors  in  parallel    and    sheathing 

(Ki)  in  microfarads    0*282  0*314  0*204 

Capacity  per  kilometre  between  one  con- 
ductor and  the  other  two  and  the 
sheathing  in  parallel  (K,) 0*143  0166  0095 

The  values  of  Recalculated  for  the  three  cables  are  given  as  0*1675,  0*1967 
and  0*108  respectively.  These  values  arc  all  about  13  per  cent,  greater 
than  Kf.  A.  R. 

1869.  Permanent  Magnets.  H.  Frank.  (Ann.  d.  Physik,  2.  2.  pp.  338-358, 
Jane,  1900.) — A  number  of  magnets  were  prepared  of  the  same  piece  o^ 
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MEDICAL  ELECTRICITY. 

1871.  The  Radiogoniometer,  Guilleminot.  (Archives  d'El.  Medicale,  8. 
pp.  158-170,  April,  1900.) — The  angle  at  which  the  Rontgen  rays  strike  the 
part  to  be  photographed  can  be  determined  by  the  instrument  named  abovei 
and  secondarily  the  position  of  the  tube  can  be  adjusted  by  its  use  so  as  to 
bring  the  tube  into  the  most  favourable  position.  The  principle  of  the 
instrument  is  that  of  a  fixed  wire  cross  and  a  movable  one  ;  the  latter  is  so 
adjusted  that  the  shadows  of  both  upon  a  fluorescent  screen  coincide,  and 
the  angle  is  then  read  off  by  means  of  divided  arcs  of  circles.  By  a  sighting 
arrangement,  or  by  a  rigid  metal  rod,  the  line  of  incidence  can  be  found  and 
marked  upon  the  surface  of  the  subject's  body.  The  author's  couch  is  a 
double  decked  arrangement,  the  tube  being  fixed  to  the  roof.  Two  figures 
are  given.  H.  L.  J. 

1872.  Complete  Electroionus.  Mile.  I.  loteyko.  (Archives  d'El.  Medicale, 
8.  pp.  149-152,  April,  1900.) — An  article  describing  experiments  upon  the 
production  of  electrotonus  in  the  exposed  sciatic  nerve  of  the  frog.  When  a 
current  of  0*0002  ampere  is  caused  to  traverse  a  short  length  of  the  nerve, 
a  state  of  anelectrotonus  is  set  up  round  the  position  of  the  anode  and  pro- 
duces at  that  point  a  complete  block  to  the  transmission  of  impulses  along 
the  nerve.  H.  L.  J. 

1873.  Electro-Therapeutics,  H.  L.  Jones.  (Inst.  Elect.  Engin.,  Journ. 
29.  pp.  846-366 ;  Discussion,  pp.  366-381,  April,  1900.)— The  author  gives  a 
short  account  of  the  elements  of  electro- therapeutics.  He  describes  the 
manner  in  which  muscles  and  nerves  respond  to  electrical  stimulation,  and 
proceeds  to  explain,  as  well  as  is  possible  to  a  non-medical  audience,  some 
of  the  principles  of  electro-diagnosis.  Coming  next  to  the  question  of  treat- 
ment, he  states  that  progress  moves  along  in  two  lines — one  of  these  is  based 
on  experimental  physiology,  the  other  is  by  direct  experiment  in  a  more  or 
less  haphazard  manner  on  the  sick.  He  then  defines  the  limits  in  which 
electricity  is  useful  in  paralysis  and  the  relief  of  pain  ;  and  refers  to  the 
cataphoric  introduction  of  drugs,  as  well  as  to  the  usefulness  of  electrolysis  in 
minor  surgery.  Electrodes,  batteries,  &c.,  are  then  discussed,  and  lastly 
Rontgen  ray  work,  as  developed  by  medical  practitioners,  is  briefly  touched 
upon.  W.  S.  H. 
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crossed  nicols  whose  principal  directions  of  vibration  coincide  with  those  of 
the  molecules,  they  appear  dark  or  more  frequently  coloured,  since  for  one 
particular  colour  there  is  usually  circular  polarisation  due  to  the  superposition 
of  differently  orientated  molecules.  In  the  magnetic  field  (strength  3,000- 
8,000)  the  axis  endeavours  to  place  itself  parallel  to  the  lines  of  force,  but 
complete  compensation  of  the  molecular  directing  force  by  the  magnetic 
force  could  not  be  obtained  with  the  strengths  of  field  used.  If  two  liquid 
drops  flow  together,  a  drop  is  first  formed  having  two  round  nuclei  and  a 
four-angled  convergence-point  corresponding  to  the  centre  of  the  system  of 
lemniscates,  which  then  determines  the  arrangement  of  the  molecules  ;  two 
drops  may  also  be  arranged  concentrically.  By  the  aggregation  of  several 
drops  with  axes  perpendicular  to  the  flat  supporting  surfaces,  the  number  of 
convergence-points  is  always  one  less  than  that  of  the  points  of  symmetry. 
If,  however,  several  drops  are  pressed  between  two  surfaces — their  axes  being 
hence  parallel  to  these  surfaces — when  they  flow  together  their  poles  show  a 
tendency  to  approach  one  another  and  join. 

Since  all  possible  intermediate  forms  between  crystal  drops  and  solid 
crystals  are  conceivable,  the  term  "  soHd "  must  be  omitted  from  the  definition 
of  a  crystal.  Liquid  crystals  can  be  arranged  in  the  various  crystalline 
systems,  and  although  in  general  they  do  not  possess  a  polyhedral  shape 
owing  to  surface-tension  effects,  yet  these  latter  can  be  removed,  and  liquid 
crystals  with  molecules  arranged  in  parallel  rows  obtained.  T.  H.  P. 

1877.  Reciprocal  Action  and  Equilibrium  between  Trigonal  Pole-systems: 
Theory  of  Crystal  Structure,  E.  Riecke.  (Phys.  Zeitschr.  1.  pp.  277-282, 
March  24,  1900.) — The  author  considers  an  electric  pole-system  consisting  of 
a  regular  hexahedron  at  the  angles  of  which  are  alternately  positive  and 
negative  poles  of  equal  strength.  From  such  trigonal  pole-systems  molecule- 
lattices  can  be  constructed,  having  the  symmetry  corresponding  to  the 
sphenoidal-hemihedral  division  of  the  hexagonal  system,  and  to  a  certain 
extent  to  that  of  trapezohedral  group  of  the  same  system.  The  action  between 
the  pole-systems  and  the  conditions  of  equilibrium  of  the  lattices  are  treated 
mathematically,  so  that  the  paper  does  not  admit  of  a  satisfactory  abstract. 

T.  H.  P. 

1878.  Hydration  of  Dissolved  Substances.  I.  W.  Nernst.  (Gesell.  Wiss. 
Gottingen,  Nachr.,  Math.-Phys.  Klasse,  1.  pp.  68-69,  1900.)  II..  H.  Lotmar. 
{Ibid.,  pp.  70-86, 1900.)  III.  C.  C.  Garrard  and  E.  Oppermann.  {Ibid., 
pp.  86-89,  1900.) — I.  The  question  as  to  whether,  when  a  substance  is  dis- 
solved, combination  occurs  between  the  solvent  and  the  solute,  i.e.,  the 
validity  of  the  so-called  hydrate  theory  of  solution,  cannot  be  solved  by 
a  study  of  osmotic  pressure  or  of  any  other  phenomenon  in  which  a 
state  of  equilibrium  in  solution  is  arrived  at.  For  this  purpose  dynamical 
phenomena  must  be  considered,  since,  if  the  dissolved  substance  is 
displaced  in  the  solution,  any  combined  solvent  will  be  carried  along 
with  it.  The  only  means  of  detecting  such  displacement  is  by  adding 
some  third  substance  to  the  solution,  and  then  studying  for  instance 
the  movement  of  the  dissolved  body  on  diffusion  or  on  electrolysis. 
The  added  substance  must  not  be  capable  of  combining  with  the 
dissolved  body.  In  the  two  following  abstracts  the  results  of  experi- 
ments on  these  lines  are  given,  the  conclusion  being  that  in  general 
hydration  of  the  solute  is  either  entirely  absent  or  only  takes  place  to 
a  very  limited  extent. 
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U  denotes  the  diminution  of  intrinsic  energy  during  isometric  reaction,  c  the 
concentration  of  any  component,  v  its  specific  volume,  n  the  number  of  its 
reacting  gram-molecules,  and  the  subscripts  1,  2  refer  respectively  to  the 
factors  and  products  of  the  reaction,  while  n  signifies  the  product  of  all  the 
magnitudes  of  the  given  type.  On  substitution  from  the  gaseous  relations  of 
type  c  =  r-*=:^/RT  the  equation  becomes 

d  log  {np:^lup:')ldT  ==  V/RT», 

where  V  =  U  —  (2»j  —  rni)RT  is  the  heat  of  isopiestic  reaction  ;  and  of  this 
Clausius'  equation,  d\og  PldT  =  \IRT*,  is  a  special  case. 

The  former  equation  having  been  called  the  **  rcaction-isochor,"  the 
author  terms  the  latter  the  "reaction-isobar,"  and  he  includes  both  in  a 
"  reaction-metatherm  " 

d  log  (T«  npr'lnp;'')ldT  =  -  Q/RT», 

where  N  is  defined  by  N  =  /if9(p,  —  p,)/p, ;  herein  Q  denotes  the  actual  heat 
absorbed  in  the  reaction,  /f5  the  total  number  of  gram-molecules  in  the  initial 
reacting  mixture.  Pi,  Pf  the  initial  and  final  total  gaseous  or  osmotic  pressures. 
This  equation  is  taken  to  be  a  mathematical  expression  of  the  theorem  of 
Maupertuis  or  Le  Chatelier,  and  is  further  written  in  the  form 

d  log  (T^  ne/Vne,*')  =  -  0/RT», 

a  train  of  ideas  having  caused  the  author  to  assume  that  each  substance  in  the 
mixture  has  a  special  "  physico-chemical  potential "  z  such  that 

2wi  log  ipizi)  —  2«,  log  (piZi)  =  0, 

and  such  too  that  log  z**  is  a  measure  of  the  special  reaction-tendency  of  the 
substance.  The  equation  then  shows  that  a  reaction  which  absorbs  heat  will 
have  a  greater  tendency  to  take  place  if  the  temperature  is  raised. 

An  application  of  this  theory  to  certain  special  cases  is  then  indicated. 

R.  E.  B. 

1881.  Physical  Reactions  and  the  Mass  Law,  A.  T.  Lincoln.  (Journ. 
Phys.  Chem.  4.  pp.  161-187,  March,  1900.)— Bancroft  has  extended  the  law  of 
mass  action  to  "  physical  reactions"  by  making  use  of  fractional,  in  place  of 
integral,  indices.    The  formula 

given  by  Taylor  (Journ.  Phys.  Chem.  1.  30,  1897),  can  be  used  to  represent 
the  weights  or  volumes  of  water  (jc),  benzene  (>')?  and  alcohol  (z)  which  are 
present  when  two  liquid  layers  are  about  to  appear  or  disappear  in  a  mixture 
of  the  three  substances  in  different  proportions.  In  the  present  investigation 
it  is  shown  that  Taylor's  formula  gives  exceedingly  accurate  results,  especially 
when  the  mixtures  are  prepared  gravimetrically,  the  deviations  being  usually 
less  than  one-third  per  cent.  For  both  weights  and  volumes  n  =  1*525,  and, 
as  Taylor  showed,  this  constant  does  not  depend  on  the  temperature ; 
csrO-^MQ  for  gravimetric  measurements  at  25°  C,  and  0*5767  at  10°  C. 

VOL.  m.  ^B 
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reactions  such  as  isomerisation,  polymerisation,  and  hydration,  which  depend 
upon  ionisation.  Hence  water  has  the  greatest  heat  of  dissociation,  about 
—18,000  calories,  and  the  formation  of  H  and  OH  ions  is  preceded  by  dcpoly- 
merisation.  Among  acids,  violuric  acid  has  the  high  heat  of  dissociation  of 
—  8,700  calories.  This  is  in  accordance  with  Guinchard's  observation  that  it 
undergoes  an  intramolecular  change  previous  to  ionisation,  and  that  its  con- 
ductivity, and  hence  also  its  dissociation  constant,  has  a  high  temperature 
coefficient.  E.  E.  F. 

1886.  Taste  of  Acids  and  Ionisation.  II.  T.  W.  Richards.  (Journ. 
Phys.  Chem.  4.  pp.  207-211,  March,  1900.>—It  has  been  shown  that  weak 
acids  and  acid  salts  have  a  more  strongly  acid  taste  than  is  demanded  by 
their  degree  of  dissociation,  on  the  assumption  that  the  sourness  is  caused 
by  hydrogen  ions.  This  can  be  explained  cithor  by  supposing  that  the  undis- 
sociated  molecules  and  anions  contribute  to  the  taste,  or  by  supposing  that 
owing  to  chemical  action  at  the  nerve-endings  on  the  tongue-surface  the 
hydrogen  ions  are  removed  from  the  sphere  of  action,  and  their  place  conse- 
quently taken  by  fresh  ones  owing  to  the  dissociation-equilibrium.  Ionisation 
being  an  excessively  rapid  process,  a  weak  acid  might  accordingly  cause  a 
degree  of  sourness  out  of  all  proportion  to  its  strength.  The  author  inclines 
to  the  latter  explanation  as  the  true  one  [see  also  Abstracts  Nos.  535  (1898), 
and  1326  (1900)].  F.  G.  D. 

1887.  Absorption  of  Nitrogen  and  Hydrogen  by  Solutions  of  Ionised  Sub- 
stances. L.  Braun.  (Zeitschr.  Phys.  Chem.  33.  pp.  721-739,  June  16, 1900.)— 
It  has  been  shown  by  Jahn  that  if  a  and  a  represent  the  absorption  coefficients 
at  the  same  temperature  of  a  gas  in  water  and  in  an  aqueous  solution  of  an 
electrolyte  containing  G  gramme-molecules  of  dissolved  substance  per  unit 
volume,  respectively,  then  the  value  of  (a  —  a')/G  ^^  is  constant.  Roth  found 
this  relation  to  hold  for  the  absorption  of  nitrous  oxide  by  solutions  of 
phosphoric  acid  and  sodium  chloride,  and  showed  further  that  by  applying 
Planck's  equilibrium  law  to  dilute  solutions  of  gases  in  solvents  having  no 
chemical  action  on  them,  the  relation  Ci/Cj  =  1  can  be  derived  ;  Ci  and  Ca 
being  the  molecular  concentrations  of  the  gas  in  pure  aqueous  solution  and  in 
a  solution  of  the  indifferent  substance  respectively — temperature  and  partial 
pressure  being  identical  in  the  two  cases.  The  author's  investigations  on  the 
absorption  of  nitrogen  and  hydrogen  by  solutions  of  the  non-electrolytes, 
urea  and  propionic  acid,  and  of  the  electrolytes,  sodium  and  barium  chlorides, 
show  that  for  non-electrolytes  the  equation  C1/C2  =  1  holds  with  a  fair  degree 
of  accuracy  even  for  concentrated  solutions.  For  solutions  of  the  two 
chlorides  the  value  of  C|/Cj  is  for  medium  concentrations  considerably  greater 
than  1,  and  only  attains  this  ideal  value  for  very  dilute  solutions  ;  the  results 
are,  however,  in  complete  accord  with  Jahn's  empirical  law  :  (a  —  «')/G  '-^  ^ 
=  a  constant.  Also  for  solutions  of  the  same  electrolyte,  the  ratio  of 
the  values  of  this  expression  for  nitrogen  and  hydrogen  is  constant  at  all 
temperatures  (6°  to  25°) ;  this  is  not  the  case  for  nitrous  oxide  and  nitrogen,  or 
nitrous  oxide  and  hydrogen.  T.  H.  P. 

1888.  Degree  of  Ionisation  and  lonisalion-Equilibrium  in  Strongly-Ionised 
Electrolytes,  Part  I.  H.  Jahn.  (Zeitschr.  Phys.  Chem.  33.  pp.  545-576,  June  1, 
1900.) — Regarding  the  well-known  disagreement  between  theory  and  experi- 
ment in  the  case  of  the  dissociation-equilibrium  in  highly-dissociated  electro- 
lytes as  due  to  the  influence  exerted  on  the  nature  of  the  soWenX  ixv^6SMa\>Q>j 


CHEMICAL  PHYSICS  AND  ELECTRO-CHEMISTRY.  735 

is  obtained  between  its  partial  differential  coefficients,  which  on  integration 
3rields  an  expression  for  the  E.M.F.  of  the  cell.  The  result  so  obtained  is 
applied  to  the  following  special  cases  : — (a)  Cell  with  one  liquid,  solid  de- 
polariser,  and  two  electrodes  of  the  same  metal  (?) ;  (6)  Daniell  type ; 
(c)  Concentration  cell  with  electrodes  of  the  first  sort ;  (d)  Concentration  cell 
with  electrodes  of  the  second  sort.  In  carrying  out  the  integrations  use 
is  made  of  the  van't  HofiF  osmotic  pressure  equation.  The  results  obtained 
are  not  new,  except  in  the  case  of  (a),  where  the  equation  is  deduced  for  the 
case  of  incomplete  dissociation. 

Having  thus  considered  the  thermodynamic  theory,  the  author  proceeds 
to  consider  the  more  special  features  of  Nernst's  theory,  and  begins  by 
reproducing  Nernst's  treatment  of  liquid  cells  and  diffusion.  The  subject  of 
solution-pressure  and  the  P.D.  at  the  interface  between  a  metal  and  a  solution 
of  one  of  its  salts  is  then  briefly  sketched  and  the  method  described  whereby 
the  total  E.M.F.  of  concentration  and  other  cells  can  be  calculated  by  means 
of  the  separate  P.D.'s.  The  author  acknowledges  here  the  agreement  between 
the  total  E.M.F.'s  so  calculated  and  those  observed  experimentally,  but 
remarks  that  this  agreement  only  proves  the  correctness  of  the  separate  terms 
which  make  up  the  expression  for  the  total  E.M.F. 

In  the  concluding  section  of  his  paper,  the  author  considers  French  work 
on  the  subject.  The  calculations  given  here  are  based  on  (a)  The  thermo- 
dynamical  theory  given  in  Section  1 ;  {b)  "  PcUat's  Law,"  according  to  which 
the  P.D.  at  the  junction  of  a  metal  and  a  solution  of  one  of  its  salts  is  zero. 
Consequences  are  deduced  which  are  not  in  agreement  with  Nernst's  theory. 
No  experimental  evidence  is  given  in  order  to  decide  the  matter.  The 
author's  final  summing  up  is  that  Nernst's  theory  only  agrees  with  the 
observed  facts  when  its  results  are  identical  with  those  given  by  the  purely 
thermodynamical  method. 

[The  only  basis  for  this  statement  that  is  given  by  the  author  is  the 
"Pellat's  Law"  referred  to  above.  This  law  is  based  on  a  particular 
interpretation  of  experimental  facts.]  F.  G.  D. 

1893.  Gas  Concentration-cells  with  and  without  Difference  of  Lei'cl,  and  a 
new  species  of  Gravitation-cell,  E.  Bose.  (Phys.  Zeitschr.  1.  pp.  228-230, 
Feb.  17,  1900.) — The  author  considers  a  gas-cell  containing  the  same  gas  at 
each  electrode,  but  at  different  pressures.  There  is  a  difference  of  height 
between  the  levels  of  the  surface  {i.e.,  of  the  electrolyte)  at  each  electrode,  and 
the  diflference  of  gas-pressure  is  due  to  this  column  of  electrolyte.  Tlie 
vapour  pressure  of  the  electrolyte  is  neglected.  Let  pi  =  pressure  of  gas  at 
lower  electrode,  Pt  =  pressure  at  higher,  h  =  difference  of  level,  s  =  sp.  gr.  of 
electrolyte,  then  in  the  first  place,  sh  =  (/>i  —  Pt)  13*596.  Further  let 
Hi  =  number  of  atoms  in  molecule  of  gas,  «i  =:  number  of  charges  per  atom  {i.e., 
valency),  R  =  gas  constant,  T  =  absolute  temperature,  Ei  =  potential-diffe- 
rence, or  E.M.F.  of  cell.  From  the  consideration  that  for  every  c.c.  of  gas 
which  disappears  at  pressure  />i,  one  c.c.  of  the  electrolyte  must  fall  a  height 
hi,  we  obtain  by  equating  gravitational  work  to  electrical  energy  : — 

E'  =  0-634  .  10-*^  -  volt. 

ni«,  pi 

or  from  above,  E' =  0*862 .  10"^ -T    ^r^  volt. 

«i»f       pi 

Viewed  as  an  ordinary  concentration  cell,  we  obtain  also  ;— 

'—  log  ^-\ 
n\nf  p^ 


E,  =  0*862. 10-^—  log  t.\ 
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minimum  E.M.F.  of  2*8  volts  for  decomposing  NaCl  in  solution,  and  finds 
it  to  be  4*78  E.H.P.  hours  per  kilo  of  chlorine.  A  comparative  table  is  then 
given  showing  that  the  efficiency  ranges  between  42  and  71  per  cent. 

Comparison  is  made  between  the  cost  of  chlorine  in  the  form  of  bleaching 
powder  at  JS7  10s.  per  ton,  which  is  6'8d.,  and  that  of  the  Kellner  electrolyser, 
which  is  7'2d.  per  kilo  of  available  chlorine. 

Actual  bleaching  tests  by  means  of  electrolytic  and  ordinary  methods  for 
calico  goods  show  that  the  cost  for  the  former  method  is  about  one-third  of 
the  latter,  according  to  a  circular  by  the  Kellner  Company. 

The  author  arrives  at  the  conclusion  that  electrolytic  bleaching,  />., 
sodium  hypochlorite,  will  be  found  by  actual  trial  not  only  an  efficient, 
but  also  an  economical  bleaching  agent  in  comparison  with  the  materials 
hitherto  in  use.  O.  J.  S. 
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1003.  Critical  Temperature  of  Mixture,  N.  J.  van  der  Lee.  (Zeitsclir.  Phys. 
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1004.  Electro-chemistry.  M.  Bodenstein.  (Phys.  Zeitschr.  1.  pp.  272-276, 
March  17  ;  283-284,  March  24  ;  and  291-295,  March  31, 1900.)— These  papers  contain 
a  synopsis  of  the  different  technical  chemical  processes  in  which  the  electric  current 
is  used,  a  short  description  of  each  being  given.  J.  B.  H. 

1006.  Electro-chemistry.  H.  Boms.  (Feilden,  3.  pp.  23-33,  July,  1900.)— This 
article  gives  general  information  with  regard  to  the  present  position  of  the  electro- 
chemical industry  throughout  the  world. 


742  SCIENCE  ABSTRACTS. 


STEAM    PLANT,   GAS  AND   OIL  ENGINES. 

STEAM   PLANT. 

1906.  Use  of  Gasoline  Gas  for  Boiler  Heating,  H.  Poole.  (Mech.  Eng.  6. 
pp.  786-788,  June  2,  1900.  Paper  read  before  the  American  Society  of 
Mechanical  Engineers.) — During  April,  1898,  experiments  were  made  with  a 
view  to  determine  whether  suitable  gas  for  boiler  firing  could  be  obtained  by 
carburetting  air  by  passing  it  through  liquid  gasoline.  A  special  gas  apparatus 
was  made  in  which  air  was  forced  by  blowers  through  the  gasoline,  the 
carburetting  chamber  being  capable  of  being  heated  by  steam  if  necessary  to 
assist  the  vaporisation.  A  mixing  cylinder  was  added  nearer  the  boiler, 
because  a  small  quantity  of  hydrogen  gas,  generated  in  another  vessel  by  the 
reaction  of  dilute  sulphuric  acid  on  zinc,  was,  along  with  air,  to  be  mixed  with 
the  gas  from  the  carburetter  before  ignition.  Additional  air  for  combustion 
was  also  added  in  the  furnace,  but  the  burners  tried  were  of  a  crude  and  more 
or  less  unsatisfactory  form. 

The  boiler  was  a  cylindrical  multitubular  boiler  14  feet  long  by  8  ft.  6  in. 
diameter,  with  88  flue  tubes  8  inches  diameter.  The  heating  surface  in  the 
boiler  was  520  square  feet  with  an  additional  111  square  feet  in  a  superheater. 
The  general  result  was  that  whilst  steam  could  be  raised  with  this  fuel,  and  a 
very  satisfactory  distribution  of  flame  could  be  ensured,  the  process  was  too 
costly.  It  took  85  gallons  of  gasoHne,  costing  10  cents  per  gallon,  to 
generate  1,000  lbs.  of  steam  at  60  lbs.  per  square  inch  pressure.  This  was 
equal  to  an  evaporation  of  1,211  lbs.  of  water  from  and  at  212°  F.,  and  corre- 
sponds to  an  evaporation  of  only  34*6  lbs.  of  water  per  gallon  of  gasoline  at  a 
cost  of  about  fivepencc,  or  of  about  5*3  lbs.  of  water  per  lb.  of  gasoline.  The 
following  gives  the  results  of  the  test. 

Summary  of  Data  and  Results. 

Time  of  trial  about  2  hours 

Grate  surface 3  ft.  8  in.  by  5  ft.  5  in.  or        19*9  sq.  ft. 

Water  heating  surface 520  sq.  ft. 

Superheating  surface    Ill  sq.  ft. 

Total  heating  surface 681  sq.  ft. 

Ratio  of  water  heating  to  grate  surface  26  to  1 

Ratio  of  minimum  draught  area  to  grate  surface 1  to  12 

Steam  pressure 60  lbs. 

Temperature  of  air  50°  F. 

„  „  boiler  room 80^  F. 

„  steam 2925°  F. 

„  „  waste  gases  at  chimney  (estimated)   825°  F. 

Fuel  used    Air  gasoline  gas 

Quantity  of  oil  used  (estimated)   85  gallons 

Weight  of  oil  used  227*6  Ibsw 

Calorific  value  per  lb 20,000  B.T.U. 

Total  weight  of  water  in  boiler   12,500  lbs. 

Weight  of  water  evaporated 1,000  lbs. 

Feed  water  used  none. 
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Heat  Balance. 
Total  heat  value  of\  lb.  of  oil  used,  20,000  BS,U, 


Heat  absorbed  by  boiler 

Loss  due  to  water  formed  by  combustion  of  the  hydrogen 

Loss  due  to  heat  in  the  chimney  gases   

Loss  due  to  incomplete  combustion    

Loss  due  to  absorption,  radiation,  &c 


B.T.U. 

8,488,250 
885,100 
286,600 

445,050 

Per  Cent. 

76-5 
8-5 
50 

100 

4,550,000 

1000 

F.  J.  R. 

1907.  Liquid  Fuel  Apparatus  of  S.S.  Cardium,  (Engineer,  89.  p.  584, 
May  26, 1900.) — A  description  of  Orde's  system  of  spraying  liquid  fuel.  The 
oil  is  pumped  from  the  fuel  bunker  into  a  settling  tank.  Thence  it  is 
pumped,  at  a  pressure  of  about  60  lbs.  per  square  inch,  through  a  heating  coil 
in  the  smoke  box.  The  spraying  steam,  and  air  for  burning,  are  also  heated. 
The  hot  oil,  air,  and  superheated  steam  are  mixed  in  an  injector  burner  before 
being  sprayed  on  broken  incandescent  fire  brick  covering  the  fire  bars, 
through  which  air  is  also  admitted.  It  is  claimed  that  complete  combustion 
is  obtained  by  this  method.  J.  T.  R. 


GAS  AND  OIL  ENGINES. 

1908.  RichS  Gas  Producer,  P.  Corbier.  (Genie  Civil,  87.  pp.  149-151, 
June  30,  1900.) — Recent  improvements  are  seen  at  the  Paris  Exhibition  in  an 
installation  for  producing  gas  from  wood,  suitable  for  driving  gas  engines  and 
for  heating  purposes.  The  generator  consists  of  two  cylindrical  retorts  of 
cast-iron  placed  vertically,  and  heated  to  a  cherry-red  by  the  gases  from  wood 
or  coal  burned  in  a  central  furnace  surrounded  by  masonry.  The  cut  wood  is 
fed  into  the  top  of  the  retort,  and  the  charcoal  and  residue  from  the  distilla- 
tion falls  to  the  lower  part  of  the  retort,  kept  at  a  temperature  between  850° 
and  900°  C.  to  decompose  the  vapours  from  the  wood  passed  down  through  it. 
The  apparatus  is  easily  worked  and  the  gas  formed  is  taken  through  a  hydraulic 
box  to  the  gas  holder,  and  through  a  sawdust  purifier  for  use  in  the  gas  engine. 

The  value  of  the  charcoal  varies  with  the  kind  of  wood.  Moisture  in  the 
wood  only  requires  more  fuel  in  the  furnace,  but  does  not  affect  the  quality  of 
the  gas  produced,  probably  because  the  water-gas  formed  is  equal  in  heating 
value  to  the  wood-gas.  Each  retort  can  distil,  per  hour,  10  to  12  kg.  of  wood, 
making  70  to  90  cubic  metres  of  gas  of  calorific  value  of  3,000  calorics  per  cubic 
metre,  or  nearly  three-fifths  that  of  town  gas.  The  composition  by  volume 
of  Kiche  wood-gas  is  COj,  20  per  cent. ;  CO,  20  per  cent.  ;  CsH4. 15  per  gent.  ; 
and  H,,  45  per  cent.  The  flame  is  of  high  temperature  owing  to  the  absence 
of  nitrogen.  *In  practice,  1,000  cubic  metres  of  this  wood-gas  are  produced  by 
distilling  140  kg.  of  wood,  and  burning  56  kg.  of  average  quality  coal  or 
160  kg.  of  wood,  and  the  residue  is  26  kg.  of  wood  charcoal. 

A  water  float  antifluctuator  is  also  described,  which  on  the  one  hand  pre- 
vents sudden  changes  of  pressure  in  the  gas  supply,  due  to  the  suction  of  th<^ 
^is  en^ne,  and  on  the  other  hand  acts  as  an  exhaust  siienect .  ^ .  V^ 
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1917.  Commelin  and  Viatts  Storage  Cells.  J.  Blondin.  (Eel.  Electr. 
28.  pp.  452-466,  June  28,  1900.) — This  is  an  illustrated  article  giving  general 
particulars  of  the  construction  of  two  types  of  cell.  Both  contain  a  cadmium 
sulphate  electrolyte  from  which  cadmium  is  deposited  on  charge  upon  a 
kathode  of  lead  or  carbon,  and  in  the  one  type  the  anode  is  simply  a  slight 
modification  of  the  usual  grid  filled  with  lead  peroxide.  The  other  cell  is  a 
partial  gas  battery,  for  the  anodes  consist  of  tubes  of  carbon,  and  the  oxygen 
given  off  from  their  surfaces  on  charge  is  collected  under  pressure  in  suitable 
receptacles,  recombining  to  form  water  on  discharge.  No  data  arc  given  as 
to  the  performance  of  this  cell,  but  some  curves  of  fall  of  potential  on  slow 
discharge  rates  and  figures  deduced  from  these  as  to  output  for  weight  are 
furnished  for  the  other  type.  E.  J.  W. 

1918.  EvershecTs  Friciionless  Motor-Meter,  S.  Evershed.  (Inst.  Elect. 
Engin.,  Journ.  29.  pp.  748-781 ;  Discussion,  pp.  781-794,  July,  1900.)— In  this 
meter,  the  vertical  axle  carrying  the  armature  is  provided  with  a  step  bearing 
having  a  jewel  cup  at  its  lower  end,  and  with  a  magnetic  suspension  at  its 
upper  end,  whereby  nearly  the  whole  of  the  weight  of  the  axle  and  parts 
mounted  thereon  is  removed  from  the  step  bearing.  This  magnetic  suspen- 
sion comprises  a  bar  magnet  arranged  in  line  with  the  axle,  so  that  the 
induction  density  remains  constant  during  rotation  of  the  axle ;  and  the 
pole-piece  of  the  magnet  is  separated  from  the  upper  end  of  the  axle  by  a 
plate  of  non-magnetic  material,  so  that,  in  the  event  of  the  axle  being  jolted 
upward,  it  cannot  remain  adhering  to  the  magnet.  The  commutator  segments 
for  the  armature  are  fine  iridio-platinum  wires  supported  at  one  end  in  an 
ivory  collet,  and  entirely  free  at  the  other  end,  where  they  impinge  and  roll 
on  the  peripheries  of  wheels  which  replace  the  brushes  usually  employed. 
The  counting  train  is  driven  from  the  armature  without  contact  by  the 
following  device,  viz.  : — On  the  upper  part  of  the  axle  is  a  solenoidal  electro- 
magnet having  two  coils  in  series  with  parts  of  the  drum-winding  of  the 
armature,  so  that  the  currents  therein  reverse  simultaneously  twice  each 
revolution.  This  electromagnet  acts  on  an  annular  soft  iron  armature 
encirling  it,  and  this  armature  is  mounted  at  the  end  of  an  oscillating 
lever  actuating  the  counting  train  through  a  pawl  and  ratchet-wheel.  By 
this  means,  the  lever  makes  a  double  stroke  every  revolution  of  the 
armature. 

This  meter  has  given  extremely  good  results,  having  a  range  of  at  least 
1  to  60.  The  paper  includes  an  account  of  earlier  magnetic  suspension 
devices ;  appendices  giving  methods  of  calculating  the  armature  torque, 
brake  torque,  and  frictional  resistance  ;  and  also  tabulated  tests  of  some 
meters. 

In  the  Discussion,  W.  M.  Mordey  described  Stanley's  magnetic  suspen- 
sion and  showed  a  model.  This  device  consists  of  a  pair  of  feather-edged 
discs  at  each  end  of  the  axle,  each  disc  being  encircled  by  a  narrow  annular 
pole^piece.  The  pole-pieces  of  one  pair  are  connected  to  the  N-poles  oC  e.g. 
two  permaaeiit  magnets,  while  the  pole-pieces  of  the  other  paVr  aie  cotvcvecXA^ 
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E,H.P. 

Riveting  machine,  running  light  16 

Riveting 30 

Wall  planer,  taking  f  in.  cut,  cast  iron    6»0 

Radial  drill,  drilling  l^j  in.  hole,  cast  iron 1-59 

Plate  planing  machine,  running  light  06 

Reversing  light 1-8 

Cutting  1  in.  by  14  ft.  plate    31 

Stern  frame,  boring,  cutting  1*75 

Shafting  lathe  18  in.  centre,  running  light 0*5 

One  tool  cutting  ^Jth  in.  square  cut 1*8 

*  " o               „             ,,             ,, z*5 

Lathe  9  in.  centre,  y^th  in.  cut 0*6 

Angle-cutting  machine,  running  light 1*6 

Cutting  angle  6  in.  by  3^  in.  by  i  in 3*5 

Winch,  lifting  28  cwt.  single  purchase,  50  ft.  per  minute  6*5 

Ending  machine,  running  light 1*9 

Cutting  girder  18  in.  by  7  in 4  to  4*8 

Cold  saw,  running  light  24  in.  saw   ^ 2*0 

Cutting  4  in.  by  4in.  angle 4  to  4*5 

Air  compressor,  10  in.  by  14  in.  cylinder,  50  lbs.  pressure   15  to  28'5 

Portable  drill,  when  drilling  1  in.  hole 1.5 

Hydraulic  pumps,  three  pumps,  d|  in.  diameter  ;  4f  in.  stroke,  60  strokes 

per  minute  ;  pressure,  870  lbs 38*0 

Joiners*  shop  motor,  normal  load 14*8  to  22 

Machines  being  driven  from  this  motor  :  One  20  in.  plane,  one 
circular  saw  24  in.,  one  30  in.  planing  and  sand-paper  machine 

Electric  winch,  running  light 1*2 

Lifting  24  cwt.  16  ft.  per  minute  5*6 

Drawings  are  given  of  an  enclosed  motor  with  flexible  shaft,  an  electric 
centrifugal  pump,  drill,  and  a  travelling  crane.  The  first  cost  of  a  polyphase 
system  is  greater  than  that  of  a  continuous  current.  Difficulties  also  come  in 
where  the  motor  has  to  be  constantly  reversed  or  the  speed  varied.  Greater 
margin  must  be  allowed  in  the  powers,  so  that  the  cost  of  application  is  nearly 
double  that  of  continuous  current.  M.  O'G. 
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tional  to  f«„  and  since  i^  may  be  varied  by  altering  the  number  of  turns,  the 
point  of  maximum  overload  may  be  controlled  by  this  means ;  (2)  the  maximum 
power-factor  is  independent  of  i^,  and  depends  solely  on  the  leakage  factor  r. 
The  diagram,  Fig.  1,  is  based  on  the  suppositions  of  {a)  pure  sine  waves 
of  E.M.F.,  current  and  induction ;  (6)  proportionality  between  the  exciting 
current  and  magnetic  induction  ;  (c)  absence  of  all  losses  in  motor.  The 
author  next  considers  how  the  diagram  must  be  modified  in  order  to  render 
it  applicable  to  ordinary  conditions  of  working.  As  regards  (a),  we  know 
that  in  other  alternating-current  problems  this  supposition  leads  to  results 
which  are  sufficiently  accurate  for  practical  purposes ;  (b)  is  practically 
correct  for  the  vast  majority  of  induction  motors  within  the  working  limits. 
As  regards  (c),  we  have  to  consider ;  (a)  the  heat-loss  in  the  primary 
winding ;  (fi)  the  hysteresis  and  eddy-current  losses  in  the  primary  core ; 
(y)  the  heat-loss  in  the  secondary  winding ;  (3)  the  bearing  and  air-friction 
losses.  The  losses  (a)  and  (fi)  might,  so  far  as  the  diagram  is  concerned, 
be  supposed  to  take  place  outside  the  motor,  and  might  be  represented  by 
a  simple  resistance  connected  in  series  with  the  motor.    The  drop  occasioned 
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by  this  imaginary  resistance  would  then  be  taken  into  account  before  con- 
structing the  diagram.  With  regard  to  (y)  and  {$),  these  may  be  regarded 
as  an  additional  load  on  the  motor-pulley.  Due  allowance  being  made  for 
the  losses,  the  author  proposes  the  following  method  of  testing  induction 
motors.  The  motor  running  light,  two  curves  are  determined,  connecting 
the  primary  P.D.  with  (1)  the  magnetising  current  i„,  (this  will,  as  a  rule,  give 
a  straight  line  up  to  the  working  limit),  and  (2)  the  power  absorbed  by  the 
motor.  The  rotor  is  next  rigidly  clamped  and  short-circuited  through  an 
ammeter,  and  two  further  curves  are  obtained,  connecting  the  primary  P.D. 
with  (8)  the  short-circuit  current  and  (4)  the  power  taken  by  the  motor. 
Finally,  the  resistance  of  the  primary  is  measured.  From  the  data  so 
obtained  the  behaviour  of  the  motor  may  be  completely  determined  without 
the  necessity  o)  any  brake  tests.  By  producing  the  curve  (2)  backwards  the 
frictional  loss  may  be  separated  from  the  hysteresis  and  eddy-current  losses. 
The  Heyland  diagram  and  the  equations  deducible  therefrom  may  then 
be  used  for  calculating  the  leakage  factor,  and  for  constructing  curves 
connecting  the  load  on  the  motor  with  efficiency,  pov:eT-i?kcXoT  ^w^  ^\v* 
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constant  at  all  loads,  and  at  the  same  time  the  power-factor  of  the  converter 
circuit  was  a  maximum.  The  following  are  some  of  the  experimental 
results  : — 


Generator. 

Watts 
delivered. 

Power 

Factor  of 

Converter. 

0-998 

0-99 

0-99 

Direct  Current. 

Exciting  Current. 

Revs. 

per 

min.     1  Volts  per 
1     phase. 

i 

Amperes 

per 

phase. 

Volts. 

Watts. 

0 
4298 
8240 

Generator. 

Converter. 

812  82-2 
815         81-7 

813  .     821 

1 

4-28  1       860-8 
80*96       2620 
66-6         4618 

1 

116-2 
113-7 
118-6 

800 
8-29 
8-84 

8-20 
8-19 
314 

The  exciting  current  of  the  converter  was  thus  about  2  per  cent,  less  at 
full  load  than  at  no  load.  A.  R. 
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2  paper  on  the  above  subject.  A.  H. 


VOL.  in. 


3D 


ELECTRICAL  DISTRIBUTION,  TRACTION   AND  LIGHTING.      767 

the  bobbin  S,,  and  goes  to  the  rail  through  Ot  and  bi,  which  are  joined  by  the 
armature  Kt  pivotted  at  0(.  Sj  is  thus  magnetised  and  draws  up  Kj  from 
at,  bt,  on  to  di,  ci,  thus  connecting  plate  Pi  direct  to  the  main.  In  this  way 
the  main  current  is  never  broken  al  the  armatures.  Where  two  directions 
of  motion  on  the  same  rails  are  required,  either  two  independent  sets  of 


plates  must  be  used  or  a  switch  must  be  provided  to  reverse  the  connections 
of  the  solenoids.  Plates  are  spaced  at  about  three  meter  intervals,  and  the 
distributing  switches  are  arranged  in  boxes  holding  ten,  placed  by  the  side  of 
the  track  or  under  the  footpath.  If  one  plate  fails  to  make  contact,  the  one 
behind  will  remain  excited  until  a  trailing  chain  on  the  car  earths  the  hvc 
plate  and  so  blows  the  fuse  and  brings  the  car  to  rest.  E.  H.  C.-H. 

1956.  A  Simplified  Conduit  for  Tramways.  C.  Devenyns.  (Soc.  Beige 
felecL.  Bull.  17.  pp.  118-127,  March,  1900.)— The  proposed  conduit  consists  of 
a  vitrified  casing  running  along  the  track  and  having  its  upper  surface  level 
with  the  street.  The  main  conductor  is  slung  on  insulators  inside  this  casing 
and  consists  of  a  copper  strip  with  a  soft  iron  strip  attached  to  Its  upper 
surface.  At  intervals  there  are  soft  Iron  plugs  in  the  cover  of  the  box,  and  at 
these  positions  there  are  steel  contact  brushes  attached  to  the  soft  iron  strip. 
The  picking-up  device  is  a  series  of  magnets  with  brushes,  which  slide  lightly 
over  the  vitrified  surface  of  the  casing  until  they  come  over  the  soft  iron 
plugs,  when  they  attract  the  main  conductor,  thereby  closing  the  magnetic 
circuit  and  ensuring  good  contact.  The  main  current  is  thus  taken  through 
the  iron  of  the  pick-up  magnets. 

The  author  proposes 
giving  insulation  ;  but  the  descripti 

1967.  High  Prtisure  Three-phase  Current  for  Electric  Tratlion.  W. 
Reichel.  (Elektrotechn.  Zeitschr.  21.  pp.  468-461,  June  7.  1900.)— An 
article  describing  experiments  made  since  1898  by  Siemens  and  Halske  for 
the  purpose  of  studying  polyphase  traction,  the  current  being  collected  from 
the  trolley  wires  at  10,(XXt  volts  and  reduced  on  the  locomotive  to  a  low 
IB  for  supply  to  the  three-phase  motors.  It  was  found  that  with  sui^Wi^ 
■  current  could  be  collected  at  so  high  &  speed  aa  ftvH\.-'j-?*we-Tv 
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tion  of  explosive  mixtures  the  author  has  employed  a  photographic  process. 
He  finds  that  the  thickness  of  the  wave,  i,e,,  of  the  zone  of  variable  state,  is  in 
all  cases  very  small.  For  slightly  condensed  waves  the  thickness  is  con- 
siderably less  than  1  cm.,  and  it  only  takes  -rirVzr  of  a  second  for  any  point  in 
the  gas  to  pass  from  one  extreme  state  to  the  opposite  one.  For  more 
condensed  waves  the  thickness  seems  to  attain  1  cm.,  but  the  author  con- 
siders that  in  this  case  irradiation  on  the  photographic  plate  may  have 
increased  the  apparent  thickness  of  the  >vave. 

The  explosive  Wave  produced  by  the  ignition  of  a  mixture  of  CjHj  -h  Oi  was 
found  to  travel  with  a  velocity  of  2,990  mm.,  the  wave  produced  by  the  igni- 
tion of  ^  gr.  of  fulminate  of  mercury  travelled  with  a  velocity  of  2,250  mm. 
in  the  same  gas,  while  that  produced  by  0*75  gr.  of  fulminate  travelled  with 
a  velocity  2,600  mm. — a  velocity  which  approaches,  but  does  not  equal,  that 
of  the  explosive  wave. 

Similar  experiments  were  made  with  a  mixture  of  CO  -f-  0,. 

The  tubes  in  which  the  gases  were  contained  were  5  mm.  in  diameter  and 
1  metre  long. 

When  the  waves  cross  in  the  tube  they  suffer  a  diminution  in  velocity  and 
also  after  reflection  from  the  ends.     For  example — 

Initial  velocity  2,800 

After  reflection 1,360 

After  first  crossing   1,080 

After  second  crossing  980 

W.  C.  O. 

1986.  Approximately  Simple  Waves.  Rayleigh.  (Phil.  Mag.  50. 
pp.  185-189,  July,  1900.) -The  phrase,  "absolutely  simple  waves,'*  standing 
for  those  which  do  not  admit  of  variations  of  phase  or  amplitude,  approxi- 
mately simple  waves  are  here  "  defined  as  waves  which  for  a  considerable 
succession  deviate  but  little  from  a  simple  train.  Under  this  definition  large 
changes  of  amplitude  and  frequency  would  not  be  excluded,  provided  only 
that  they  entered  slowly  enough."  After  touching  briefly  upon  the  case  of 
"beats,"  the  paper  deals  specially  with  the  contrasted  case,  hitherto  neg- 
lected, in  which  the  amplitude  remains  constant,  and  the  sole  variation  is  one 
of  phase.     It  is  then  shown  that  the  vibration 

cos  {pt  —  a  sin  qt) 

can  be  analysed  into  a  series  of  cosines  of  pt,  {p  ±  q)t,  {p  ^  2^)/,  {p :+:  Bq)t,  &c., 
the  coefficients  being  Bessel's  functions  of  a,  the  maximum  disturbance  of 
phase.  E.  H.  B. 

1986.  Temperature  in  Mercury  Mine  of  Idria.  T.  Scheimpflug  and 
M.  Holler.  (Akad.  Wiss.  Wien,  Sitzb.  108.  pp.  950-975,  1899.)— Painstaking 
observations  have  been  made  of  the  temperature  in  various  parts  of  the  mine. 
In  a  certain  region  the  temperature  was  found  to  be  a  maximum,  about  27°  C. 
Thus  from  that  spot  the  temperature  diminishes  in  all  directions,  even  down- 
wards.   Some  excellent  diagrams  illustrate  the  results  at  a  glance.  A.  G. 

1987.  Seismograph  with  Vertical  Pendulum,  C.  Viola.  (Accad.  Lincei, 
Atti,  9.  pp.  817-^1,  May  20,  1900.)— The  author  describes  the  working  of  a 
seismograph  with  vertical  pendulum,  and  how  it  is  supposed  to  trace  on  a 
horizontal  paper  any  motion  that  may  be  communicated  to  the  paper  by  th& 
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earth,  the  amplitude  of  vibrations  being  magnified  by  levers.    The  pendulum 
is  about  10  metres  in  length,  and  has  a  mass  of  500  kgs. 

The  author  states  that  the  modern  perfected  instrument  ought  to  be  able 
to  give  the  instant  that  the  first  shock  occurs ;  but  he  undertakes  to  prove 
that  all  other  motions  after  the  first  vibration  are  illusory.  In  the  mathe- 
matical work  which  follows  he  proves  that  certain  important  quantities  are 
fimctions  of  the  inertia  of  the  building  or  support,  and  are  therefore  un- 
obtainable. Seismographs  with  double  pendulums,  favoured  by  Milne,  arc 
also  criticised.  A.  G. 

1088.  Escape  of  Gases  from  Planetary  A  tmospheres.  G.  Johnstone  Stoney. 
(Astrophys.  Journ.  11.  pp.  257-268,  May,  and  857-372,  June,  1900.)— The 
present  paper  is  an  answer  to  a  criticism  of  the  work  of  Stoney  by  S.  R.  Cook. 
Stoney  draws  attention  to  the  statement  that  Maxwell's  laws  cannot  be  applied 
to  gases  under  the  conditions  existing  at  the  outer  limits  of  a  planet's  atmo- 
sphere, but  that  the  numbers  determined  by  Cook  will  be  useful  as  indicating 
the  minimum  rate  of  escape  for  the  various  gases. 

The  paper  is  divided  into  three  parts,  describing  respectively :  (1)  Molecular 
movements  in  the  lower  strata  of  the  atmosphere.  (2)  Molecular  movements 
in  the  upper  strata  of  the  atmosphere.  (8)  Behaviour  of  helium,  &c.,  in  th^e 
earth's  atmosphere.  The  conclusions  from  section  (8)  are  as  follows  : 
{a)  Argon  is  not  able  to  escape  from  the  earth.  (6)  Helium  is  escaping  from 
the  earth,  and  therefore  (c)  Water  can  probably  escape  from  the  planet  Mars; 
thus  the  polar  caps  of  that  body  may  be  due  to  solid  carbon  dioxide.  [See 
further  Abstracts  Nos.  1025  (1898),  and  805  (1900).]  C.  P.  B. 
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1089.  Experimental  Research.  Elihu  Thomson.  (Amer.  Assoc,  Pioc.  48. 
75-90,  1899.)— Presidential  address  to  Section  B  at  the  1899  meeting  of  the 
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spectrum  is  as  yet  unknown.  The  number  of  established  lines,  between 
8,900  and  4,700  X  reaches  2,070  (Lockyer,  Phil.  Trans.,  1881 ;  Lohse,  Berl. 
Akad.,  1897).  The  authors  tabulate  688  in  the  ultra-violet,  and  believe  there 
is  no  doubt  that  the  number  of  lines  in  elements  generally  is  a  function  of  the 
atomic  weights. 

The  spectra  of  silicon, .  beryllium,  thallium,  indium,  cerium,  lanthanum, 
neodymium,  praseodymium,  germanium,  and  gallium  have  been  further 
studied  (pp.  1071-1121). 

The  spectra  of  yttrium,  erbium,  and  ytterbium  have  been  mapped  (pp. 
1128-1161). 

The  following  elements  have  been  examined  both  in  the  visible  and 
ultra-violet  part  of  the  spectra  :  Didymium,  neodymium,  praseodymium, 
erbium,  yttrium,  cerium,  lanthanum,  ytterbium,  scandium,  gadolinium, 
samarium  (pp.  1252-1266). 

[See  further  Abstracts  Nos.  865  and  488  (1898).]  S.  R. 

1994.  Absorption  Spectra  of  Liquids  in  the  Infra-Red,  L.  Puccianti.  (N. 
Cimento,  11.  pp.  241-278,  April,  1900.)— The  author  gives  the  results  of 
measurements  of  the  infra-red  absorption  bands  of  a  number  of  liquid  carbon 
compounds.  The  source  of  the  rays  used  is  a  small  incandescent  electric 
lamp,  the  spectrometer  prism  being  of  quartz,  and  the  intensity  of  the  rays  is 
measured  by  means  of  a  modified  form  of  Fox  Nichols'  torsion-radiometer. 
The  compounds  examined  are :  Benzene,  toluene,  ortho-,  meta-  and  para- 
xylene,  ethylbenzene,  methyl  iodide,  ethyl  iodide,  ether,  alcohol,  methyl 
alcohol,  pyridine,  allyl  alcohol,  carbon  bisulphide  and  carbon  tetrachloride. 
The  absorption  curves  show  that  all  liquid  compounds,  the  molecules  of 
which  contain  carbon  directly  combined  with  hydrogen,  present  a  maximum 
of  absorption  for  the  wave-length  1*71  fi.  Further  all  the  benzene  derivatives 
examined  have  two  other  maxima  in  common,  the  wave-lengths  being  about 
2*18  and  2*49 /i;  these  are  probably  due  to  the  hexagonal  structure  of  the 
molecule.  The  three  isomeric  xylenes  exhibit  absorptions  almost,  but  not 
completely,  identical ;  the  curves  for  the  three  alcohols  are  also  very  similar. 
[See  also  Abstract  No.  1646  (1900).]  '  T.  H.  P. 

1996.  Becquerel  Rays.  J.  Elster.  (Deutsch.  Phys.  GeselL,  Verh.  2. 
1.  pp.  6-8,  1900.) — Magnetic  deviation  of  polonium  rays  is  produced  in  a 
vacuum,  and  seems  to  be  more  than  the  deviation  undergone  by  radium  rays 
under  the  same  conditions.  Radium  preparations  contain  an  active  volatile 
constituent.  The  effect  of  heating  active  barium  bromide  for  twenty-four 
hours  in  a  vacuum  in  a  hard  glass  tube  is  to  cause  a  temporary  weakening  of 
its  activity  which  is  almost  quite  recovered  in  a  few  days.  If  a  trace  of  some 
radio-active  substance  is  vaporised  on  a  platinum  wire  in  a  bunsen  flame  the 
surrounding  air  becomes  more  capable  of  dissipating  an  electric  charge. 

G.  E.  A. 

1996.  Radiation  of  a  Black  Body,  M.  Thiesen.  (Deutsch.  Phys.  Gcsell., 
Verh.  2.  6.  pp.  65-70,  1900.) — By  Wien's  law,  the  radiant  energy  of  an 
absolutely  black  body  at  an  absolute  temperature  T  may  be  expressed  in 
terms  of  T  and  the  wave-length  X  as  follows  : — 

E  =  T*j<^[\T]  (1) 

where  ^  is  a  function  hitherto  unknown.  The  radiation  is  perfectly  known 
for  all  wavcrlengths  if  the  temperature  is  given,  or  for  all  temperatures  -wVv^xv 
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2006.  Temperature  of  a  Radiating  Body,  F.  Ktirlbaum.  (Ann.  d.  Physik, 
2.  8.  pp.  546-559,  July,  1900.) — ^The  temperature  of  the  surface  of  a  radiating 
body  is  usually  supposed  to  be  equal  to  that  of  the  interior ;  but  this  is  by  no 
means  strictly  the  case,  especially  when  the .  body  is  a  bad  conductor  and  a 
good  radiator.  To  determine  the  actual  difference  in  a  concrete  case  the 
author  made  an  experiment,  the  principle  of  which  is  indicated  in  the  annexed 
diagram,  where  P  is  a  sheet  of  platinum  foil  1/i  thick,  covered  on  both  sides 
with  platinum  black.   Light  falls  through  the  glass  plate  G  upon  the  platinum, 


I 


O  Source 


and  the  heated  platinum  sends  heat  rays  to  the  bolometers  Bi,  B},  placed 
symmetrically  with  regard  to  the  sheet  Any  difference  between  the 
temperatures  of  the  two  surfaces  will  be  indicated  by  a  difference  in  the 
deflections  of  the  two  bolometers.  As  a  result,  the  author  finds  a  difference 
of  temperature  of  0016°  when  the  sheet  is  heated  4°  above  its  surroundings, 
and  0068°  when  the  sheet  is  blackened  with  lampblack  instead  of  platinum 
black.  This  difference  is,  of  course,  only  that  which  applies  to  the  special 
case,  but  anyhow  it  is  smaller  than  usually  supposed.  E.  E.  ¥. 

2006.  Evaluation  of  van  der  Waals  Constants.  P.  A.  Guye  and  L. 
Friderich;  (Archives  des  Sciences,  9.  pp.  505-531,  June,  1900.) — For  71 
substances  the  constants  a  and  6  in  van  der  Waals'  form  of  characteristic  are 
calculated  from  the  experimentally  found  values  of  the  critical  pressure  and 
temperature  according  to  the  known  formulae,  the  particular  methods  of 
calculation  used  being  discussed  at  length.  These  calculations  are  made  for 
the  characteristic,  both  with  volumes  referred  to  that  under  unit  pressure  at 
0°  C.  as  unit  (in  which  case  it  is  found  that  the  formula — 

b  =  00004496Kc  +  0*000001836  Kj, 

where  Kc  =  Tc/Pc,  is  very  approximately  exact),  and  also  with  volumes  referred 
to  the  gramme-molecule.  R.  E.  B. 

2007.  Meaning  of  van  der  Waals  Constant  b.  L.  Boltzmann  and  H. 
Mache.  (Cambridge  Phil.  Soc,  Trans.  18.  pp.  91-93,  April,  1900.)— If 
Vi  and  Va  are  the  numbers  of  simple  and  double  molecules  in  a  gas  per  unit 
volume,  molecules  of  a  higher  concentration  occurring  in  only  negligible 
amount,  formula  (288)  of  Boltzmann's  Vorlesungen  iiber  Gastheorie,  without  the 
restriction  of  %  being  constant,  gives — 

V,  =  XvJ,  where  X  =  ^-rrf^  """    dss^e  '  "''^ 

<f  * 

m  being  the  mass  of  a  simple  molecule,  r  the  constant  for  the  gas,  and  T  tK^ 
sibsblute  temperature. 
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values  u,  at  different  points  of  the  surface.  The  origin  being  taken  at  centre 
of  the  sphere,  and  R  being  the  radius,  the  problem  solved  is  to  form  a  function- 
u  which  shall  have  the  value  zero  at  the  centre,  and  vary  continuously  to  «, 
at  each  point  on  the  surface.  S.  H.  B. 

2013.  Cooling  of  the  Earth's  Crust,    J.  Boussinesq.     (Comptes  Rendus, 
180.  pp.  1652-1658,  June  18,  1900.) — The  writer  refers  to  his  former  paper  [see 

Abstract  No.  1820  (1900)]  in  which  he  found  the  formula      i-^  du»  to  express 

the  temperature  of  a  body  of  infinite  extent,  bounded  by  a  plane  surface, 
raised  to  a  uniform  temperature  Uo  and  then  left  to  cool  by  radiation  from  that 
plane  surface  into  space  supposed  at  zero.  The  temperature  on  the  surface 
is  given  by — 


oo  , 

ah  y/t 


u 


and  this    becomes  approximately,  for  large  values  of  /,    ,    .— .. 

These  two  formulae  are  precisely  those  obtained  by  Fourier  to  express 
the  successive  temperatures  on  the  earth's  surface  (not  taking  into  considera- 
tion the  sun's  action)  from  which  formula?  Fourier  deduces  his  theory  of  the 
cooling  of  the  earth.  The  author  discusses  this  theory.  The  effects  due  to 
solar  action  will  be  periodic,  in  daily  or  yearly  periods,  and  will  at  consider- 
able depths  become  insensible.  The  temperature  of  surrounding  space  will 
be  the  same,  he  says,  at  the  poles  as  at  the  equator,  and  will  continue  un- 
changed throughout  long  periods  of  time.  Treating  this  temperature  of 
space  as  zero,  the  equations  representing  the  earth's  temperature  are — 

—  hu  =  o  (for  X  =  o) 

ax  ^  ' 

,  du        ,  d^u 

and —  Ti  =^(i  -T~a. 

dt  dx 

The  author,  making  an  actual  calculation  on  certain  hypotheses,  obtains 
45,000  centuries  as  the  time  which  may  have  elapsed  since  the  earth's 
surface  had  a  temperature  of  1,000°  C.  S.  H.  B. 


SOUND. 

2014.  Photography  of  Sound  Waves,  R.  W.  Wood.  (Roy.  Soc,  Proc. 
66.  pp.  288-290,  May  12,  1900.  See  also  Nature,  62.  pp.  342-849,  Aug.  9, 
1900,  for  an  extended  account.) — The  sound-waves  are  produced  by  means 
of  an  electric  spark,  and  illuminated  and  photographed  by  the  light  of  a 
second  spark  properly  timed  with  reference  to  the  first.  The  author  remarks 
that  in  a  former  paper  [see  Abstract  No.  89  (1900)]  he  treated  of  photographs 
of  sound-waves  undergoing  reflection,  refraction,  and  diffraction  ;  but  by 
means  of  an  improved  apparatus  he  has  obtained  a  more  complete  series 
of  photographs. 

Conjugate  foci  for  elliptical  mirrors  aplanatic  for  ra3rs  issuing  from 
a  point,  the  transformation  of  a  spherical  into  a  plane  wave  by  a  parabolic 
mirror,  and  the  effect  of  spherical  aberration  in  circular  mirrors  are  well 
shown.  The  transformation  of  a  spherical  wave  into  a  plane  wave  by  a 
cylindrical  carbonic  acid  lens  of  exceedingly  thin  collodion,  the  circular 
flat  ends  being  made  of  mica,  can  also  be  demonstrated,  and  the  reflection 
of  a  single  wave  from  a  flight  of  steps  forming  a  train  of  waves,  in  other 
words,  a  musical  note. 

In  dealing  with  the  reflection  of  a  plane  wave  from  a  hemispherical 
mirror,  being  unable  to  control  the  time  interval  between  the  sparks  with 
sufficient  accuracy  to  take  a  series  of  photographs  of  an  actual  wave  suitable 
for  kinematographic  reproduction,  the  author  adopts  the  expedient  of  pre- 
paring a  large  number  of  geometrical  constructions  (100  or  so)  for  the 
wave  at  successive  intervals  of  time  and  photographing  them  upon  a  kine- 
matographic film.  The  wave  fronts  are  constructed  as  follows  :  Around 
points  upon  the  surface  of  the  mirror  circles  are  described  tangential  to 
the  plane  wave ;  these  circles  will  be  enveloped  by  another  surface  behind 
the  mirror  (the  orthogonal  surface),  which  is  an  epicycloid  formed  by  the 
rolling  of  a  circle  of  diameter  equal  to  the  radius  of  the  mirror  upon  the 
back  surface  of  the  same.  Normals  to  this  orthogonal  surface  can  be 
constructed  by  drawing  the  locus  of  the  centre  of  the  generating  surface, 
describing  about  various  points  of  it  circles  whose  radii  shall  be  equal  to 
the  radius  of  the  mirror,  and  joining  the  points  where  each  circle  cuts 
the  epicycloid  and  the  mirror  respectively.  These  normals  will  represent 
the  reflected  rays,  and  if  equal  distances  be  measured  ofiE  upon  them  from 
the  orthogonal  surface,  the  points  so  found  will  lie  upon  the  reflected  wave 
fronts.  After  a  time  a  second  reflection  will  occur,  and  to  determine  the 
wave  front  for  it  measurements  have  to  be  made  round  a  corner.  Photo- 
graphs are  given  of  the  waves  and  a  flgure  to  show  the .  construction  for 
the  wave-front.  W.  C.  O. 
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electricity  from  them.    An  unimpedt 
place  on  the  earth's  surface  whereve 
surface,  as   they  practically  do  whc 
forest.    This  may  account  for  the  ea 
a  cloud  stops  the  mobility  of  ions,  ar 
it  may  produce  the  accumulation  of  ] 
only  neutralised  by  disruptive  disch 
atmospheric  electricity  may  be  explai 
condensed  in  the  air,     For  a  full  ionic 
siderable  amount  of  material  remains 


)3010.  Inductance  and  Electrosiaiic 
Rcndus,  180.  pp.  1071-1072,  April  17,  3 
electrostatic  influence  there  appears 
phenomenon  of  inductance  comparal 

If  a  charged  conductor  is  caused  to 
first  conductor  is  charged  or  increase 
becomes  charged  with  electricity  of  t 
when  the  inverse  operations  are  perfori 
neighbourhood  of  a  second  conductor 
sense  of  the  motion  communicated  to  i: 

Consider  a  gold-leaf  electroscope  oj 
and  place  under  these  conditions,  at  a  d 
the  positive  conductor  of  a  Leyden  jar. 
the  phenomenon  of  influence  manifest: 
with  a  quantity  relatively  feeble.     Influc 

If,  in  the  second  place,  the  electrosco 
jar  being  at  a  great  distance,  this  latter  is 
which  corresponds  to  the  first  experime 
produced,  the  gold-leaves  diverge  with 
in  the  first  experiment,  and  the  electrosc 

In  the  third  place,  perform  the  first 
slowly.    At  a  certain  moment  influence  ^ 
leaves  will  come  together.     If,  however,  ti 
the  electroscope  becomes  negatively  elec 
leaves  separate  anew. 

It  results  from  this  that  if  we  determi' 
oscillation  will  transmit  itself  to  a  distant 
not  by  influence,  and  if  one  of  the  poles  of 
interrupter  is  put  in  communication  with 
square  of  large  wire  gauze,  the  electron'i 
capable  of  illuminating  a  vacuum  tube  em 
very  sensitive  radio-conductor  permits  < 
electromagnetic  oscillation. 

DISCHARGE  AND  O 

2020.  Continuous  Discharges  in  Air.     t 
pp.  560-623,  July,  1900.)— When  a  battel 
electric  energy,  the  constant  element  in 
current  depends  upon  a  variety  of  externa 
on  using  an  influence  machine  driven  at  a 
current  strength  is  the  constant  element 


■■'■■  ■^"»  .      '.^ k.  Wot  II 


-.     --^Bot  the  I 
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ately  true  when  the  discharge  reaches  to  the  sides  of  the  tube,  but 
hold  when  the  distance  betwesQ  the  striie  varies  inversely  as  the         "■', 
in  this  case  the  ratio  is  greater  for  wide  tubes  than  for  narrow 

D.  E.J.  -.. 

Ionic  Conductivity  of  Ihe  Atmosphere,  J.  ElsterandH.Geitel.  (Ann.         ,,!■? 

,  2.  8.  pp.  426-446,  July,  1900.)— Observations  made  with  an  electro-  ■\-'' 

Dtected  against  wind  and  rain  but  exposed  to  ordinary  air  show  that  '    | 

>ation  of  an  electric  charge  is  due  to  the  presence  of  ions  in  the 

xe.    The  presence  of  fog,  smoke,  or  dust  reduces  the  rate  of  dis- 

istead  of  increasing  it.    1'hc  discharge  is  also  reduced  by  enclosing 

oscope  in  a  limited  air  space,  probably  owing  to  the  limited  number 

»1  in  the  latter.     The  dissipation  of  positive  and 

:e  at  approximately  the  same  rate,  except  at  high 

:ken  and  the  summit  of  the  Santis,  where  the  rate 

im  two  to  ten  times  as  great  for  negative  as  for 

tbors  connect  this  observation  with  the  fact  that 

le  air,  and  thai  therefore  the  highest  strata  of  the 

ionised    by  the  sun's   rays.     The   ions  thus   pro- 

;h  the  atmosphere  at  rates  depending  upon  their 

Id  account  for  the  conductivity  of  the  atmosphere 

[plain  to  some  extent  the  luminous  and  magnetic 

E.  E.  F. 

:  Field  of  a  Discharge-Tube.     F.  Schicht.    (Akad. 

ip.  614-824,  1890.}— The  fall  of  potential  inside  a 
arefully  examined,  but  apparently  the  electrostatic 
iinding  the  tube  has  not  hitherto  been  investigated, 
were  made  with  three  tubes  of  lengths  17'5,  86'B, 
the  anodes  were  points  and  the  kathodes  were 
jiameter.  He  deduces  the  following  conclusions  : 
ie  when  the  distance  from  the  tube  increases,  and 
iiate  neighbourhood  of  the  tube.  It  is,  however, 
lum  value  is  not  near  the  anode,  but  about  half-way 
e  pressure  diminishes  the  potentials  also  diminish 
hen  striation  begins)  and  then  increase.  (8)  The 
I  a  spark-gap  is  introduced  than  when  it  is  absent. 
ikes  place  in  a  magnetic  field  (hnes  of  force  per- 
large)  the  potentials  are  higher  than  under  ordinary 
D.  E.  J. 

'Ttak.  K.  R.  Johnson.  (Electrician,  45.  pp.  281- 
a  circuit  composed  of  coil,  battery,  and  make  and 
liich  are  connected  to  the  coatings  of  a  condenser, 

.  current, 


d\ 


RI  = 


',  expression  is  found  for  the  maximutti  E..VI.!?  .\>e.*'' 
rms  of  the  expression  are  cot\'=\AeTc4  m  Wi  i^  ' 
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by  2a,  the  conductivity  of  the  wire  by  \^,  that  of  the  insulator  by  X^,  and  its 
dielectric  constant  by  e,  and  putting  the  permeability,  fi,  of  the  wire  equal 
to  that  of  the  insulator,  we  get — 

R  = 


ira'X,- 

L  =  4/i/w h  /« 

a 

n\ 
A  = 


In^ 


a  4"  >/«'  —  a' 


a 


c  = 


9XW        a  +  y/a'-a^ 

4m 

a 


(3) 


These  values  only  apply  when  the  oscillations  are  so  slow  and  the  wire  so 
thin  that  the  section  of  the  wire  may  be  supposed  to  be  traversed  by  the 
current  in  a  uniform  manner. 

The  author  proceeds  to  show  that  as  long  as  the  displacement  current  in 
the  insulator  parallel  to  the  wires  is  negligible,  equation  (2)  remains  in  force, 
and  also  the  values  for  A  and  C  in  equations  (3),  but  that  when  the  oscillations 
become  rapid,  additional  terms,  dependent  upon  w,  must  be  added  to  R  and 
L,  chiefly  owing  to  the  reduction  of  the  effective  sectional  area ;  then,  how- 
ever, n  becomes  large  also  owing  to  a  difference  in  the  arrangement  of  the 
magnetic  lines  of  force  outside  the  conductor.  But  if  the  displacement 
current  also  takes  a  part  in  the  return  circuit,  not  only  L,  but  also  A  and  C 
are  thereby  affected,  and  in  equation  (2),  which  still  remains  in  force,  the 
imaginary  quantity  i  must  be  replaced  by  a  more  complex  term. 

The  author's  results  are  calculated  for  an  infinite  pair  of  wires,  but  a  finite 
ending  simply  introduces  a  radiation  into  space  and  a  partial  reflection  which 
obeys  the  same  laws  as  those  of  the  primary  oscillation.  E.  E.  F. 

2028.  Increase  of  Resisiance  of  Radio-conductors,  fe.  Branly.  (Comptes 
Rendus,  130.  pp.  1068-1071,  April  17,  1900.)— An  account  of  the  repetition  of 
previous  experiments  (1891)  on  the  increase  of  the  resistance  of  certain  radio- 
conductors  under  electric  influences  which  generally  produce  diminution  of 
resistance.  The  author  has  been  confirmed  in  his  opinion  that  the  increase 
of  resistance  depends,  like  the  diminution,  on  a  physical  condition  of  the 
insulating  layers  interposed.  In  one  of  the  experiments  a  tube  containing 
filings  of  pure  gold  was  placed  between  two  rods  of  pure  gold,  and  its 
resistance  before  any  electric  action  was  found  to  be  400  ohms.  A  current 
was  sent  for  thirty  seconds  from  a  battery  through  the  radio-conductor  and  a 
column  of  liquid  of  3,000,000  ohms  resistance.  With  a  battery  of  8  volts  the 
resistance  became  160  ohms,  and  decreased  with  increasing  battery  power  to 
25  ohms  when  the  E.M.F.  was  160  volts.  When,  then,  the  spark  from  a 
small  Wimshurst  machine  was  caused  to  act  at  a  distance  and  brought 
gradually  nearer,  the  resistance  finally  fell  to  6*6  ohms.  On  touching  the 
tube  containing  the  filings  with  one  of  the  poles  of  the  machine  the  resistance 
increases;  it  became  gradually  greater  than  10,000  ohms.  Under  similar 
treatment  a  tube  containing  peroxide  of  lead  exhibits  increasing  resistance  as 
the  battery  power  is  increased  ;  and  the  resistance  increases  when  the  spark 
from  an  electrical  machine  is  brought  gradually  nearer.  J.  ]:  S. 
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Hall-effect  was  studied  in  the  cases  of  gold-  and  bismuth-leaves  prepared 
according  to  Righi's  method.  Each,  in  one  set  of  experiments,  consisted  of 
a  rectangle  15*95  mm.  long  by  18  mm.  wide,  one  end  being  bifurcated.  On 
each  were  three  electrodes  of  tin-foil,  A,  B,  B',  to  which  conductors  were 
connected.  A  was  connected  to  a  battery  of  accumulators,  and  the  current 
divided.  Each  section  was  connected  to  a  separate  electrolytic  meter  ;  then 
the  two  branches  rejoined  and  the  current  returned  to  the  battery.  Each 
experiment  was  divided  into  four  stages.  The  partial  currents  were  measured 
(1)  without  any  magnetic  field ;   (2)  with  the  magnetic  field  exerted  ;  (3) 


with  the  field  reversed  ;  (4)  without  any  magnetic  field.  Calling  f'l  and  ii 
the  intensities  of  the  currents  in  the  respective  branches  when  there  is  no 
field  ;  (it  4-  ai)  and  (/,  —  a,)  the  intensities  when  the  field  is  in  one  direction  ; 
and  (ii  —  i3i)  and  (i,  -h  ft)  the  intensities  when  the  field  is  reversed  ;  it  is  clear 
that  the  current  due  to  Hall's  Phenomenon  in  one  case  equals  —  (a\  -f  «>)  and 
in  the  other  (fii  -h  ft).  These  two  values  are  not  exactly  equal,  but  we  may 
say  that  the  entire  variation,  «  =  i  (ai  +  ai  +  /^i  +  ft).  The  following  results 
were  obtained  : — 


strength  of  field.  H, 
in  C.G.S.  units. 

ampere. 

M 

"h 

8,200 

0-0000510 

150  X  10-»» 

9,600 

00001474 

158  X  10-»» 

14,980 

00002087 

140  X  10->» 

20,265 

00002477 

122  X  10-»° 

It  is  seen  that  the  ratio  w/H  remains  practically  constant  between  8,200  and 
9,600,  after  which  there  is  a  rapid  diminution  with  increase  of  strength  of 
field. 

In  the  case  of  bismuth,  two  leaves  of  different  thicknesses  were  subjected 
to  the  same  experiment.  One  was  0*045  mm.,  the  other  0*005  mm.  thick. 
The  Hall-effect  was  approximately  inversely  proportional  to  the  thickness. 
Other  things  being  the  same  the  intensity  of  the  effect  with  bismuth  is  5,785 
times  that  with  gold. 

A  series  of  experiments  were  made  by  varying  the  intensity  of  the  current 
in  the  principal  circuit,  with  the  result  that  the  effect  is  found  to  be  approxi- 
mately proportional  to  the  current  down  to  0*04  ampere;  but  for  lower 
intensities  the  effect  is  relatively  greater.  With  discharge-currents  the  Hall- 
effect  is  of  the  same  order  of  magnitude  as  with  continuous  currents.      A.  G. 

2033.  Viscosity  of  Insulating  Liquids  in  EUctric  Field,  G.  Pacher  and 
L.  Finazzi.  (N.  Cimento,  11.  pp.  290-294,  April,  1900.  Atti  del  R.  Instituto 
Veneto  di  Scienze,  59.  pp.  889-408.) — ^The  times  of  flow  of  a  certain  quantity 
of  a  -liquid  through  the  space  between  two  concentric  cylinders  ^.t^  xvo\a^> 
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on  direct-current  work,  and  for  short  distances  is  yellow,  iuzzy  and  calorific. 
For  long  distances  it  becomes  crisp,  blue,  and  snappy,  the  dividing-iine 
between  the  two  kinds  of  spark  being  quite  abrupt.  In  some  experiments, 
as  the  secondary  terminals  which  were  supporting  the  crisp  blue  spark  were 
slowly  approached  there  suddenly  appeared  at  a  striking  distance  of  about 
three-quarters  of  an  tncli  and  coincidently  with  the  blue  spark  a  yellow 
calorific  spark  which  was  distinctly  separate,  and  not  until  t!ie  discharge  rods 
were  very  closely  adjacent  did  the  discharges  unite  with  a  single  calorific 
spark.  There  is  reason  to  believe  these  two  discharges  were  respectively  a 
positive  and  negative  discharge  occurring  alternately,  though  to  the  eye 
simultaneous. 

The  interrupter  action  was  quite  violent,  and  the  metal  plate  forming  one 
terminal  seemed  to  be  attacked  and  quickly  rendered  the  solution  turbid. 
This  was  undoubtedly  due  to  the  effect  of  nascent  oxygen,  which  was 
generated  there  to  a  much  greater  extent  than  in  direct- current  working. 
In  general,  it  may  be  stated  that  the  secondary  discharges  on  alternating 
current  Wehnelt  interrupter  circuits  are  not  as  brilliant  and  are  of  lesser 
voltage  than  in  the  case  of  direct  currents.  E.  E.  F, 

2038.  New  Mercury  Inierrupter.  E.  WT.  Caldwell.  (Elect.  Rev.  N.Y. 
36.  p.  681,  June  20, 1900,)— The  interruptions  are  made  between  two  surfaces 
of  mercury  instead  of  between  mercury  and  another  metal.  Hence  surface 
impurities  are  avoided,  and  any  mercury  vapour  formed  is  recondensed  at  once. 


The  construction  is  shown  in  the  diagram.  The  separation  of  the  two 
mercury  surfaces  is  effected  by  a  sort  of  poppet  valve  of  insulating  material 
driven  by  an  electromagnet  in  the  same  circuit.  The  difficulty  lies  in 
obtaining  a  material  which  is  not  destroyed  by  the  sparks.  The  author 
suggests  lava,  E,  E.  F. 

2039.  Resistance  of  Wehnelt  Inlerrupler.  C.  Heinke.  (Phys.  Zcitschr,  1. 
pp.  884-886,  April  28,  IflOO.)— Commenting  on  the  paper  referred  to  In  the  fol- 
lowing Abstract,  the  authorpointsout  that  the  Wehnelt  interrupter  is  a  "wave- 
current  generator  "  of  the  second  class,  whose  resistance  varies  rapidly  within 
wide  limits.  In  introducing,  for  practical  purposes  of  calculation,  the  con- 
ception of  a  mean  value,  it  is  necessary  to  define  that  conception  very  accu- 
rately. In  the  Wehnelt  interrupter,  three  different  kinds  of  resistance  may  be 
distinguished.  The  first  is  the  ordinary  ohmic  resistance.  The  second  is 
the  eSeclive  resistance  as  calculated  from  the  watts  consumed  and   the 
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This  is  effected  by  means  of  one  conductor  connecting,  e.g.^  the  positive 
poles  of  the  two  stations.  After  describing  two  arrangements  whereby  this 
can  be  effected,  which  arrangements,  however,  do  not  give  the  desired  result 
directly,  the  authors  give  the  arrangement  shown  in  the  figure  where  Ji  is  the 
current  in  the  conductor  Li,  the  resistance  of  which,  including  the  measuring 
resistance  Wi,  is  Ri ;  J»,  the  current  in  the  conductor  L»,  the  resistance  of 
which,  including  the  measuring  resistance  Wi,  is  Rj ;  i  the  current  in  the 
conductor  / ;  i\  that  in  the  resistance  w\ ;  U  that  in  the  resistance  t£^  ;  c\  that 
in  the  current-indicator  Si ;  and  c,  that  in  the  current-indicator  Sj  r  ^i  and  u 
are  the  resistances  of  the  current-indicators  Si,  St.    In  order  that  the  current- 


indicator  at  each  station  shall  indicate  the  current  at  the  other  station,  the 
following  conditions  must  be  satisfied,  viz.  : — 

Ji  Wi  +  1*1  wx  =  O,  i,c.,  Ji :  —  ii  =  «; :  R| 

assuming  that  the  resistances  Ri  and  Rj  are  negligible  relatively  to  the  resist- 

Wi 

ance  it',  which  is  the  resistance  of  /  from  A  to  B.     Thus  w\  =  w  ~    and 

Ki 

W, 

t£',  =  it»  13- .    The  constants  of  the  current-indicators  are  obtained  from  the 

equations — 


^i  =  Jt^' 


Wi 


Ri  n-f-wi 
^  _  T  Ri      W, 

The  conditions  for  the  cases  where  Ri  Rj  are  not  negligible  and  equations 
for  calculating  the  values  of  the  various  resistances  are  also  given,  together 
with  a  numerical  example.  C.  K.  F. 


2046.  Commercial  Electrical  Measuring-Instruments,  E,  S.  Shoults. 
(Northern  Soc.  Elect.  Engin.,  Proc.  5.  pp.  81-61 ;  Discussion,  pp.  61-68, 1899.)— 
In  this  paper  the  author  discusses  the  various  forms  of  commercial  instru- 
ments on  the  market.  He  first  deprecates  the  use  of  dials  of  a  larger  size  than 
9  inches  as  he  considers  that  errors  due  to  weight,  inertia,  and  friction  become 
excessive  when  this  size  is  exceeded.  As  regards  the  influence  of  stray  mag- 
netic fields,  he  finds  that  instruments  of  the  D'Arsonval  type,  when  enclosed 
in  stout  iron  cases,  are  not  affected  under  ordinary  conditions.  He  has 
obtained  very  satisfactory  results  from  instruments  fitted  with  the  McWhirter 
shielding  device  [see  Abstract  No.  521  (1898)],  which  consists  in  replactng 
the  brass  cheeks  of  the  main  coil  of  any  ordinary  electromagnetic  instrument 
by  cheeks  of  iron  about  ^  inch  thick,  and  then  slipping  over  the  whole  bobbin 
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a  tube  of  iron  of  like  thickness.  In  one  instrument  the  disturbing  effect  was 
reduced  from  16  per  cent  to  5*9  per  cent.,  and  in  another  from  30  per  cent, 
to  0*75  per  cent.  The  errors  introduced  by  residual  magnetism  are  very 
small  and  may  be  neglected  in  practice.  A  Stanley  movement  was  also  made 
using  hardened  tool  steel  in  place  of  soft  iron,  and  the  results  showed  that  at 
70°  deflection,  the  maximum  percentage  difference  between  the  rising  and 
falling  curves  was  only  1*7  per  cent.  As  regards  accuracy,  the  author  pointed 
out  that  large  temperature  errors  existed  in  D'Arsonval  type  permanent 
magnet  ammeters,  having  moving  coils  wound  with  copper  and  shunts  of 
some  alloy  which  does  not  vary  in  resistance  with  changes  of  temperature. 
Results  are  given  of  some  experiments  made  to  determine  the  forces  dealt 
with  in  certain  well-known  types  of  instrument,  as  follows : — 


Type  ol  Instrument. 

Watts  used  in 
active  part. 

Torque  per  watt 

in  grammes 
at  I  cm.  radius. 

Deflection  in 
degrees. 

Kelvin  Balance     

Gau^e    

70-9 
6-4 
0-8 
1-4 
1-4 
0-6 
117 
00012 

2519 
0-295 
0187 
0189 
0195 
0-415 
0-184 
47200 

45 

}$       v^»"f^v^     ••• 

Dolivo  Voltmeter 

75 

Stanlev  Voltmeter    

72 

Stanlev-McWhirter 

72 

Nalder  Voltmeter 

70 

Evershed  Voltmeter    

78 

^Vestern  Pattern 

84 

The  author  also  descrit>es  an  instrument  made  by  the  General  Electric 
Company,  which  can  be  used  either  as  an  ammeter,  a  voltmeter,  or  a  galvano- 
meter. It  consists  of  a  moving  coil  galvanometer  which,  when  used  as  a 
voltmeter,  has  an  external  resistance  of  manganin  in  series  with  the  moving 
coil ;  and  when  used  as  an  ammeter  has  a  shunt  arranged  so  that  the  current 
passes  through  it,  the  instrument  indicating  the  fall  of  potential  over  this 
shunt.  In  discussing  alternate-current  instruments,  the  author  stated  that  he 
found  that  a  shielded  bobbin  is  quite  as  good  as  a  plain  one,  provided  that  the 
iron  is  worked  at  a  low  induction  density  and  is  laminated.  An  ohmmeter 
made  by  the  General  Electric  Company  was  also  described.  This  instrument 
consists  of  a  low  reading  ammeter,  arranged  so  that  it  can  be  connected  by 
means  of  a  switch,  through  a  known  resistance  between  either  pole  of  the 
circuit  and  earth.  As  most  circuits  work  at  constant  voltage,  the  deflection 
obtained  will  be  inversely  proportional  to  the  earth  resistance  under  test. 
The  new  Aron  meter  is  described  [see  Abstract  No.  1954  (1899)].         C.  K.  F. 


2047.  Universal  Galvanometer.  F.  Breisig.  (Elektrotechn.  Zeitschr.  21. 
pp.  538-540,  June  28,  1900.  Paper  read  before  the  Elektrotechnische 
Vcrein,  May  22,  1900.) — The  instrument  is  intended  for  testing  purposes  at 
telegraph  stations  as  a  universal  galvanometer.  It  is  an  improved  form  of  the 
Siemens  apparatus.  The  circular  slate  disc,  with  its  peripheral  slide-wire,  is 
retained,  but  the  astatic  differential  arrangement  is  replaced  by  differential 
suspended  coils.  There  is  also  a  very  compact  scheme  of  plugs  and  switches 
for  changing  jconnections  for  the  various  tests.  A  general  view  of  the 
instrument  is  given,  and  a  diagram  and  descriptioi\  of  the  connections. 
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2064.  Solubility  of  Hydrated  Mixed  Crystals,  III.  W.  Stortenbeker. 
(Zcitschr.  Phys.  Chem.  34.  pp.  108-128,  July  8,  1900.)— A  continuation  of 
previous  work  on  the  subject  (Zeitschr.  Phys.  Chem.  17.  648,  1896,  and  22. 
60,  1897.) — In  the  present  paper  it  is  shown  that  the  mixed  crystals  of  copper- 
zinc  sulphate  and  of  copper-manganese  sulphate  consist  of  concentric  layers 
of  different  composition,  the  outer  layers  being  richer  in  copper  than  the 
inner.  The  question  is  theoretically  discussed,  and  it  is  concluded  that  this 
peculiarity  is  probably  common  to  all  mixed  crystals,  although  the  fact  can 
only  be  definitely  proved  in  favourable  cases.  N.  L. 

2055.  Allotropic  Forms  of  Selenium.  A.  P.  Saunders.  (Journ.  Phys. 
Chem.  4.  pp.  428-518,  June,  1900.) — Attempts  were  made  to  discover  the 
existence  of  transition-points  between  the  various  modifications  of  selenium. 
It  was  found,  however,  that  the  amorphous  or  vitreous  (supercooled  liquid) 
modification  (sp.  gr.  =  4*27)  is  labile  at  all  temperatures  and  tends  to  pass 
into  the  stable  crystalline  grey  or  metallic  variety  (sp.  gr.  =4-80),  although 
the  transformation  does  not  readily  occur  below  60**  or  80°.  In  contact  with 
certain  solvents,  however,  the  amorphous  selenium  is  transformed  into  the 
metallic  form  at  ordinary  temperatures. 

A  third  modification  of  selenium  is  the  red  crystalline  variety  (sp.  gr.  =:4*47), 
which  appears  to  be  intermediate  between  the  two  preceding  forms.  It  is 
produced  by  the  action  of  certain  solvents  on  the  amorphous  form  and 
probably  has  an  instable  melting-point  at  170-180°,  when  it  melts  and  imme- 
diately solidifies  in  the  metallic  form.  Selenium  appears,  therefore,  to  be  a 
monotropic  dimorphous  substance,  like  benzophenone,  but  possessing  in 
addition  the  property  of  supercooling  until  the  liquid  becomes  a  vitreous 
mass  with  very  little  tendency  to  pass  into  the  stable  solid  modifications. 

The  paper  consists  largely  of  a  very  full  summary  of  the  results  of  other 
workers  on  the  physical  properties  of  the  different  modifications  of  selenium 
and  contains  a  bibliography  of  the  subject.  T.  M.  L. 

2056.  Heat  of  Solution  of  Hydrogen  Peroxide,  de  Forcrand.  (Comptes 
Rendus,  180.  pp.  1620-1622,  June  11,  1900.)— The  author  prepares  hydrogen 
peroxide  solutions  of  various  strengths  by  the  methods  described  by  Hanriot 
and  Wolffenstein,  and  determines  their  heats  of  dilution  with  the  following 
results  (final  state  =  H,0,  -f  3  Hires  H,0)  :— 

Percentage  of  HjOj.  Initial  State.  Heat  of  Dilution  (Cal.). 

35-81  H,0,  -f  3-46  H,0                  -f  0071 

42-66  „     -I-2-53     „                     -f  0-098 

5516  „     -I-1-54     „                     -f0099 

66-88  ,,4-1      „                     -f  0-310 

85-98  „     +0-3      „                     -f  0-403 

On    plotting  these    results  the   author  finds    that  the    curve    so    obtained 
comprises  two  chief  portions,  namely  from  0  to  55-16  per  cent,,  and  from 
65-88  to  100  per  cent,  the  intermediate  part  rising  steeply  and  pointing  to  the 
existence  d  a  hydrate  of  the  formula  H3O,  -f  H,0.    By  graphically  t^U^- 
polating  from  the  above  curve  the  heat  of  solution  of  anhydrous  i^^xo'sra^^  *vi 
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found  to  be  +  0*46  Cal.  The  paper  concludes  with  calculations  of  the 
"mean  thermal  value  "of  the  hydroxyl  group,  and  of  the  influence  exerted 
on  it  by  C,  CH,,  and  CHj,  whereby  the  author  hopes  to  lay  the  foundations 
of  a  theory  of  acidity.  Reference  must,  however,  be  made  to  the  original 
paper  for  the  details  of  this  calculation.  F.  G.  D. 

.  2067.  Hgat  of  Formation  of  Alloys.  J.  B.  Tayler.  (PhU.  Mag.  60. 
pp.  37-43,  July,  1900.  Read  before  the  Phys.  Soc.  of  London.)— The  heat  of 
formation  is  here  determined  by  measuring  the  heat  of  solution  in  mercury 
(a)  of  the  alloy,  and  (b)  of  its  constituents,  and  assuming  that  the  products  in 
the  two  cases  are  similar.  Alloys  of  lead  with  tin,  bismuth  and  zinc,  and  of 
zinc  with  tin  and  mercury  were  used. 

The  experimental  results  are  given  in  tabular  form  in  the  paper,  and  some 
of  them  are  given  below.  It  is  evident  from  the  second  column  that  the 
alloys  contain  a  small  percentage  of  true  compounds,  and  it  may  be  noted 
that  eutectic  alloys  {i.e.,  alloys  with  lowest  melting-point)  do  not  necessarily 
correspond  to  the  greatest  evolution  of  heat. 


Alloy. 


Lead-Zinc  Eutectic. 

Zinc  1*6  p.c. 
Lead-Zinc. 

Zinc  23-9  p.c. 


Lead- Bismuth. 
Lead  56*6  p.c. 


! 


Tin-Zinc  Eutectic. 
Zinc  88  p.c. 


I 


Lead-Tin. 
Tin  900  p.c. 

61-8     „     (Eutectic) 
210 
50 
20 


ft 
*) 
f> 


}* 
}f 

It 


Heat  of 
Forma- 
tion per 
gramme 
alloy  in 
calories. 


-5-8 


-3-5 


Heat  of 

Formation 

per  gramme 

molec.  weight 

of  compound 

in  calories. 

Volts 
corre- 
spond- 
ing 
there- 
to. 

■  1 

-^,800 
-960 

0-63 
002 

Obser\cd  Volta  Etfect 
in  volts. 


0-210 

(Ayrton  &  Perry) 

0-31 

(Pellat) 


+3-8 


+  1,400 


-I-6-1  ;    +4,800 


+  8-9 
+  1-9 
—0-8 
—11 
—10 


+  8,100 
+  1,000 
—450 
—2,600 
—6,500 


003 


Peltier 

E.M.F.  in 

volts. 


0-0008 


0*017 


o'o!  sr(&s;-^  io^ 


018 
002 
001 
006 
014 


0099  (A.  &  P.) 


00000 


J.  B.  H 


2058.  Determination  of  Transition  Temperatures,  H.  M.  Davrson  and 
P.  Williams.  (Journ.  Phys.  Chem.  4.  pp.  370-882,  May,  1900.)— Transition 
temperatures  have  been  investigated  by  the  identity  method  {i.e.,  the  obtain- 
ing of  identical  saturated  solutions  of  two  systems  transformable  into  each 
other),  in  which  the  concentration,  the  vapour- pn-essure,  the  solution-pressure, 
and  the  difference  of  potential  between  the  solution  and  a  reversible  electrode 
have  severally  been  taken  as  the  property  defining  the  identity.  The  authors 
how  propose  to  use  (1)  the  density,  (2)  the  electrical  coudn^vity,  as  such 
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defining  properties.  By  the  former  they  find  B9'8e*  and  69°  C.  as  the  transi- 
tion temperatures  for  Glauber's  salt  and  manganous  chloride  respectively,  the 
thermometric  method  giving82-879°  and  B7'9°  ;  the  latter  method  gives  825°  for 
Glauber's  salt,  for  which,  however,  it  is  not  a  sensitive  method,  though  it  is 
markedly  sensitive  for  thorium  sulphate,  for  which  it  indicates  46°  C.  as  the 
transition-temperature.  Since  this  value  differs  i;onsiderably  from  48°,  the 
transition-temperature  found  by  Roozeboom  by  the  solubility-  method,  the 
authors  tested  their  result  by  the  dilatometer  and  vapour-density  methods, 
which  gave  46-6°  and  47ff  respectively.    {See  also  Abstract  No.  240  (1900).] 

R.  E.  B. 

"  206d.  Gasomelric  Apparatus.  Job.  (Journ.  de  Physique,  9.  pp.  B47--S49, 
June,  19pO.)^-This  apparatus  is  for  the.  purpose  of  determining  the  volume  of 
gas  absorbed  or  liberated  in  a  chemical  reaction  between  two  bodies,  one 
of  which  is  a  liquid.  It  consists,  as  will  be  seen  from  the  accompanying 
figure,  of  a  glass  bulb  provided  with  a  manometer  in  the  form  of  a  long,  thin 
tube  open  at  (he  end  and  containing  mercury  or  other  liquid.  In  the  neck  of 
the  bulb  Ats  a  ground  hollow  stopper,  which  is  prolonged  so  as  to  form  a 
graduated  burette,  and  is  closed  by  means  of  a  ground  stopper  fitting  in  the 


narrow  jjart  This  ground  stopper  is  also  hoHow,  and  is  provided,  as  is  also 
the  part  of  the  pipette  in  which  it  fits,  with  a  smaH  hole.  When  the  pipette 
is  full  of  liquid  and  closed  by  the  stopper  the  K^uid  does  not  flow  out  until 
the  two  small  holes  are  brought  into  juxtaposition.  After  the  experiment  the 
excess  of  pressure  is  read  off  at  the  same  temperature  at  which  the  apparatus 
was  closed.  The  arrangement  may  be  used  in  estimating  calcium  carbide  by 
the  evolution  of  acetylene  and  in  other  similar  determinations  and  also  in  the 
study  of  equilibrium  phenomena  between  a  liquid  and  a  gaseous  phase. 

T.  H.  P. 

2060.  Vtlocily  of  Formation  o/Ote/ines/rom  Aliphatic  Iodides.  S.  Brussoif. 
(ZeiUchr.  Phys.  Chem.  84.  pp.  129-148,  July  17,  IflOO.)— Mainly  of  chemical 
interest  The  velocity  of  formation  from  the  chlorides,  bromides,  and  iodides 
increases  in  the  order  indicated,  and  depends  greatly  on  the  number  of  side- 
chains  and  their  distance  from  the  halogen  atom.  N.  L. 

2061.  Picudo^EquiUbria.  L.  Marchis.  (Journ.  de  Physique,  9.  pp. 
(36-889,  Jane,  1900.) — The  author  gives  an  elementary  account,  free  from 
nuthcinfttical  considerations,  of  the  theory  of  chemical  pseudo-equiUb^v^ 
pfopoiinded  by  Duhem.    The  paper  is  illustrated  by  di&gc&Tn^,  aT\A  ^t\«t«w» 
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Gasoline,  of  density  0*700,  is  chiefly  hexane,  QHu  ;  and  the  specific  volume 

of  its  vapour,  at  (fC.  and  760  mm.  of  mercury,  is  0*260  cubic  metre  per  kg., 

and  vapour  density  2*975,  air  being  1.    One  kilogramme  of  gasoline  vapour 

requires  for  complete  combustion  10*667  cubic  metres  of  air.     This  mixture, 

13*4  volumes  of  liquid  gasoline  to  100,000  of  air,  or  2*4  per  cent,  of  vapour  at 

0°  C,  gives  11,088  calories  per  kg.  of  gasoline.    The  rise  of   temperature  is 

4,191°  C. ;  and  the  factor  for  increase  of  pressure  is  20*2  ;  and  the  resulting 

18 
volume,  when  cooled,  is  --^r;^,  or  1*24  times  the  original.     Here  the  proportion 

of  gasoline  vapour  to  air  is  1  to  41  at  0°C.,  while  for  acetylene  it  is  as 
1  to  11. 

In  France,  the  experiments  by  G.  Richard  on  a  Benz  motor  with  acetylene 
have  shown  that  the  explosion  is  rapid  and  violent,  and  the  regulation  of  the 
mixture  is  difficult.  The  initial  decomposition  of  the  gas  results  in  a  deposit 
of  carbon  on  the  cylinder  walls  with  loss  of  heating  power.  In  spite  of  the 
troubles  in  gasoline  carburetion  by  change  of  vapour  pressure  due  to  change 
of  temperature  at  the  carburetter,  the  conclusion  is  that  better  results  are  to 
be  expected  with  gasoline  than  with  acetylene  in  automobile  motors.      W.  R. 


REFERENCE. 

2084.  Feed-water  Heaters,  II.  J.  F.  Hobart.  (Amer.  Electn.  12.  pp.  354-356, 
July,  1900.) — A  continuation  of  previous  articles  on  this  subject  [c/.  Abstract  No.  1651 
(1900)]  the  apparatus  here  described  and  illustrated  being  the  Baragwanath,  the 
Jacobs,  the  Jackson,  the  Wainwright,  the  Kensington,  the  Cochrane,  and  the 
Webster  heaters.  F.  J.  R. 
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2086.  Connecting  up  Electric  Batteries.  F.Vogel.  (Centralblatt  f .  Accumu- 
latoren-  u.  Elementenk.  1.  pp.  2-3,  Jan.  1, 1900.) — Reference  having  been  made 
to  some  results  obtained  by  F.  Auerbach  (Elektrotech.  Zeitschr.  1887,  p.  66), 
the  author  finds  the  least  number  k  of  cells  required  for  sending  a  definite 
current  i  through  a  given  external  resistance  w^,  to  be  as  follows,  viz.  : — 

, AthvWg        2iWa        2iw 

where  w^  the  internal  resistance  and  E  =  the  E.M.F.  of  each  cell ;  n  =  the 
number  of  cells  in  series,  and  m  =  the  number  of  parallel  groups  of  cells.  The 
efficiency  of  this  arrangement  is  50  per  cent.  The  case  in  which  the  amount 
of  material  used  in  generating  current  is  to  be  as  small  as  possible  is  next 
considered.  The  equations  obtained  show  that  for  this  purpose  as  many 
groups  as  possible  should  be  put  in  parallel.  When  the  costs  of  installation 
and  working  are  both  taken  into  consideration,  the  following  results  are 
obtained,  viz.  : — 

Ei<S(a^)        At 
^  _  iWa.iw]  iw       "*"    100 


and — 


V  (loo) 


100       iw 


Ap 
100 


Ap       Et^jag) 
100  "^       w 

where  A  ^  the  prime  cost  of  one  element ;  p  =  the  percentage  amortisation 
per  annum  ;  /  =  the  number  of  time-units  of  working  per  annum  ;  gi,  gt  are 
the  corresponding  electro-chemical-equivalents  of  the  substances  consumed 
(e.g.f  zinc) ;  and  ai,  ai  are  the  costs  of  unit-quantity  of  the  several  substances. 

C.  K.  F. 

2086.  Aluminium-Magnesium  Alloys.  R.  H.  Thurston.  (Science,  11.  pp. 
788-785,  May  18,  1900.)— The  author  points  out  that  in  1893  an  account  had 
been  published  of  investigations  on  the  "  newly-discovered  "  series  of  alloys. 
The  average  breaking  strength  of  magnesium  is  22,250  lbs.  per  square  inch, 
average  elastic  limit  8,870  lbs.  per  square  inch,  average  elongation  2*8  per  cent. 
The  density  of  the  metal  is  only  two-thirds  that  of  aluminium,  but  it  has  one- 
half  more  tensile  strength.  The  addition  of  magnesium  to  aluminium  steadily 
reduces  ductility,  until  at  one-third  magnesium  and  two-thirds  aluminium, 
the  alloy  is  as  brittle  as  glass.  The  volatility  of  the  Hghter  metal  is  an  element 
of  difficulty  in  its  use  in  alloys,  especially  with  those  which  have  a  high 
temperature  of  fusion.  The  extreme  range  of  the  tenacities  of  magnesium  was 
between  20,000  and  30,000  lbs.  per  square  inch,  corresponding  tQ  a  suspension 
of  80,000  to  40,000  feet ;  this  is  the  equivalent  of  steel  of  about  100,000  lbs. 
tenacity.  Could  the  cast  portions  of  the  steam  engine  be  made  in  this  oiaterial. 
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their  weights  would  be  reduced  about  one-half  ;  it  is  therefore  possible  that 
magnesium  with  its  high  tenacity  and  great  lightness  may  prove  the  coming 
material  for  work  in  which  these  qualities  are  important.  A.  S. 

2087.  Voltage  Regulator  for  Three-phase  Circuits.  G.  ZweifeL  (Ind.  Elect. 
9.  pp.  281-288,  July,  1900.)— The  use  of  an  ordinary  reactance  or  choking  coil 
for  purposes  of  regulation  is  attended  with  the  following  disadvantages  : 
(1)  The  limits  within  which  regulation  is  possible  are  very  narrow  if  the 
current  is  variable.  Thus,  a  coil  which  allows  of  a  10  per  cent,  regulation 
with  the  normal  current  is  only  capable  of  a  5  per  cent,  regulation  at  half -load, 
and  has  practically  no  effect  at  light  load.  (2)  The  coil  introduces  a  phase 
difference  (thus  reducing  the  power  factor)  which  may  become  considerable 
if  regulation  within  wide  limits  is  required.  Both  these  disadvantages  are 
done  away  with  in  the  apparatus  described  by  the  author,  which  is  intended 
for  three-phase  circuits,  and  consists  practically  of  two  induction  motors  whose 
rotors  (which  carry  the  primary  or  inducing  winding)  are  mounted  on  the 
same  shaft,  and  are  not  allowed  to  rotate,  but  may  be  displaced,  by  means  of 
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suitable  gearing,  through  any  desired  angle.  Fig.  1  shows  the  arrangement 
of  connections,  FF  denoting  the  fixed  windings  of  the  regulator,  which  carry 
the  main  currents,  and  in  each  of  which  an  E.M.F.  of  fixed  magnitude  ^/2  is 
induced  by  the  movable  windings  MM,  which  are  supplied  at  a  constant  P.D. 
(E),  being  in  connection  with  the  generator  terminals  or  'bus  bars.  Fig.  2  is 
an  E.M.F  diagram.  The  phase  of  the  induced  E.M.F.'s,  ^/2,  may  be  varied  by 
altering  the  position  of  the  movable  inducing  windings.  From  fig.  2  it  is 
evident  that  the  limits  of  regulation  are  given  by  E±^,  and  that  the  added  or 
subtracted  E.M.F.  is  always  in  phase  with  the  generator  P.D.  Further,  on 
account  of  the  double  arrangement  of  circuits,  there  is  no  resultant  torque  on 
the  movable  portion  of  the  apparatus,  the  two  equal  and  opposite  torques 
acting  on  the  two  sets  of  windings  merely  producing  a  torsion  of  the  shaft. 

A.  H. 


2088.  Electric  Dial  Ship-Telegraph.  F.  Querengftsser.  (Elektrotechn. 
Zeitschr.  21.  pp.  602-604,  July  19,  1900.  Paper  read  before  the  8.  Jahresver- 
sammlung  des  Verbandes  Deutsch.  Elektrotechn.  at  Kiel.)— The  principle 
of  the  arrangement  will  be  understood  by  reference  to  the  accompanying 
sketch,  which  shows  the  connections  used  in  the  earlier  form  of  this 
instrument.  A  closed  circular  resistance  coil  is  supplied,  by  means  of  the 
^gnalling  arm,  with  current  at  two  diametrically  opposite  points.  "*  Three 
points  in  the  coil,  spaced  120°  apart,  are  connected,  by  means  of  three 
yfixe&,  with  the  three  coils  of  the  receiving  instrument.    Th.ese  VcvTt^  <yS^^ 
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switchboard  of  the  generating  station  and  the  direct-current  switchboards 
of  the  substation. 

Particulars  are  given  of  the  special  switching  gear  on  the  direct-current 
switchboards.  E.  K.  S. 

2113.  Electric  Traction  on  the  London  Metropolitan-District  Railway. 
(Electrician,  45.  pp.  163-166,  May  25,  1900.  Also  Electrical  Engineer, 
May  25, 1900.)— In  February,  1899,  the  Associated  Metropolitan  and  District 
Railway  Companies  voted  Je20,000  for  the  electrical  equipment  of  5,000  feet 
of  line  between  Earl's  Court  and  High  Street  Kensington  stations.  The 
engineers,  J.  Wolfe  Barry  and  W.  H.  Prcece,  were  required  to  carry  out  the 
work  on  the  permanent  way  without  any  interference  with  the  running  of  the 
ordinary  trains  and  without  any  electric  current  passing  through  the  per- 
manent way  or  subsoil,  lest  such  should  interfere  with  the  signalling 
arrangements.  In  accordance  with  these  requirements  it  became  neces- 
sary to  adopt  an  insulated  return,  and  to  do  the  whole  of  the  construction 
work  in  the  few  midnight  hours  when  the  trains  were  not  running.  The 
electrical  work  was  placed  in  the  hands  of  Siemens  Bros.  &  Co.  The  elec- 
trical conductors,  of  inverted  channel  steel,  weigh  75  lbs.  per  yard,  and  are 
carried  on  double  petticoat  insulators,  the  jar  being  taken  by  a  piece  of 
leather.  At  points  and  crossings  the  continuity  of  the  electrical  rails  had 
to  be  broken,  but  the  gap  is  in  no  case  so  wide  that  contact  is  not  made  in 
front  before  it  is  broken  in  the  rear  of  the  train,  which  is  245  feet  long. 
The  bonding  is  by  copper  strip  hydraulically  riveted.  There  are  two  positive 
and  two  negative  feeders,  lead-covered  and  armoured.  The  power  house  is 
of  a  temporary  character  and  contains  two  Belliss  Siemens  sets  and  two 
Babcock- Wilcox  boilers.  The  engines  are  300  I.H.P.  at  880  r.p.m.,  and  the 
dynamos  give  385  amperes  at  550  volts.  The  boilers  are  each  capable  of 
evaporating  9,000  lbs.  per  hour  for  short  periods. 

There  is  only  one  train,  by  Brown,  Marshall  &  Co.,  and  it  requires 
current  for  about  3  mins.  in  20  mins.  It  has  a  motor  car  at  each  end,  but 
only  one  is  used  at  a  time.  In  the  event  of  this  type  of  train  being  adopted 
on  the  Inner  Circle  it  would  of  course  only  want  one  motor  car,  because  the 
trains  always  move  in  the  same  direction.  The  train  carries  312  passengers. 
The  weight  is  :  four  coaches,  72  tons ;  two  motor-cars,  90  tons ;  passengers, 
20  tons.  Each  motor  carriage  has  four  four-pole  26  x  25  Siemens  motors,  series 
wound,  with  armatures  built  on  the  axles.  Each  motor  develops  a  normal 
drawbar  pull  of  4,000  lbs.,  the  wheels  being  47  inches  diameter,  and  the 
maximum  power  about  200  H.P. 

The  series  parallel  controller  provides  twelve  arrangements  of  motors. 
There  are  no  short-circuit  notches,  but  it  is  possible  to  reverse  the  motors 
whilst  the  train  is  running.  The  throwing  of  the  motors  against  the  train  is 
not  intended  to  be  used  in  general  practice,  all  the  braking  being  done  by  a 
"Standard"  air  brake,  the  air  being  supplied  by  an  electric  three-throw 
pump,  which  also  supplies  air  for  the  whistles  and  sanding  gear. 

Current  is  collected  from  the  conductors  by  fourteen  (seven  on  each  side) 
cast-iron  shoes  suspended  from  the  bogeys  by  insulated  bolts.  The  springs 
are  adjusted  so  that  the  bearing  pressure  is  about  10  lbs.  When  fully  loaded 
the  train  has  started  on  a  1  in  43  gradient — a  feat  which  an  ordinary  steam 
locomotive  was  unable  to  perform  when  hauling  a  similar  load.  Owing  to 
the  simplicity  of  the  driving  arrangements  it  has  been  found  unnecessary 
to  employ  specially  trained  drivers.  Maximum  speeds  of  thirty-eigjit  lc» 
thirty-nine  miles  an  hour  have  been  reached.  '^.Y..,^. 
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GENERAL   PHYSICS. 

2127.  Gravity  and  Temperature  below  the  Earth's  Surface,  R.  v.  Sterneck. 
(Akad.  Wiss.  Wien,  Sitzb.  108.  pp.  697-766,  1899.)— Observations  of  the 
acceleration  due  to  gravity  and  of  the  temperature  have  been  made  in  three 
mines  in  Bohemia,  and  in  the  well-known  quicksilver-mine  at  Idria  in  Craniola 
[see  Abstract  No.  1986  (1900)].  The  copious  results  hardly  admit  of  gene- 
ralisation, but  they  seem  to  indicate  that  there  is  a  tendency  for  an  increase 
in  temperature  downwards  to  be  associated  with  an  increase  in  gravity!  and, 
the  larger  the  increase  of  the  one,  the  larger  appears  to  be  the  increase  of  the 
other.  A.  G. 

2128.  Strength  of  Ductile  Materials  under  Combined  Stress,  J.  J.  Guest. 
(Phil.  Mag.  50.  pp.  69-182,  July,  1900.  Paper  read  before  the  Physical  Society 
of  London.) — The  author  discusses  the  present  state  of  knowledge  regarding 
the  laws  of  strength,  discusses  the  criterion  of  strength,  choosing  the  yield- 
point  rather  than  the  ultimate  stress  in  tensile  tests,  and  the  nature  of  the 
elastic  limit  in  reference  to  the  yield-point.  The  elastic  limit  effect  may  be 
mainly  due  to  local  yielding  ;  the  author  has  therefore  assumed  that  Hooke's 
law  held  up  to  that  point.  * 

Previous  experiments  upon  the  yield-point  under  combined  stress  have 
usually  been  on  torsion ;  those  of  Kelvin  on  piano  wire  show  that  simultaneous 
tension  lowered  the  yield-point  in  torsion.  Torsion  presents  a  case  of 
combined  stresses,  the  two  principal  stresses  being  equal  in  amount  but 
opposite  in  sign,  while  the  third  is  zero.  A  large  number  of  tests  have 
been  made  on  round  bars,  but  the  essentials  of  the  phenomena  are  masked 
by  the  variation  of  strain  from  the  axis  outwards ;  to  avoid  this,  the  author 
conducted  his  experiments  upon  thin  tubes,  the  thickness  of  the  walls  being 
from  ^  to  ^3  the  radius.  Further,  the  tubular  specimens  could  be  easily 
subjected  to  internal  fluid  pressure  simultaneously  with  tension  or  torsion. 

The  method  of  experimenting  was  to  subject  the  tubes  to  torque  and 
tension  combined,  to  tension  only,  to  tension  and  internal  pressure  combined, 
to  torsion  and  internal  pressure  combined,  and  to  internal  pressure  only  ;  and 
to  take  measurements  of  the  principal  strains.  The  range  of  the  two 
principal  stresses  thus  covered  was  from  —  p  and  +  ^  to  +  ^  and  -V  t> 
the  third  principal  stress  being  small  or  zero. 
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2147.  Recent  Stmiies  iu  Gravitation,  J.  H.  Poynting.  (Nature,  62.  pp.  403- 
408,  Aug.  23, 1900.    Paper  read  before  the  Royal  Institution,  Feb.  23,  1900.) 

2148.  Stellar  Spectra.  Cornu.  (Bureau  des  Longitudes,  Ann.  pp.  299-306, 
1900.) — A  brief  review  of  the  various  classes  recognised  in  the  sfUdy  of  stellar  spectro- 
scopy, with  a  map  illustrating  the  distinctive  features  of  each  group.  Reference  is 
made  to  the  determination  of  motions  in  the  line  of  sight.  C.  P.  B. 

2149.  Orientation  of  Field  of  Siderostat  and  Cceloslat.  A.  Fowler.  (Nature, 
62.  pp.  428-430,  Aug.  30, 1900.) — This  is  a  discussion  of  a  paper  by  Cornu  [see  Abstract 
No.  1032  (1900)],  with  additional  formulae  to  extend  the  problem  to  the  coelostat ;  an 
instnunent  consisting  of  a  plane  mirror  having  a  single  motion,  parallel  to  the 
diurnal  motion  of  the  earth,  but  at  only  half  the  rate,  making  one  revolution  in  forty- 
eight  hours.  A  photograph  is  given  of  the  instrument  in  position  for  observatory 
use.  C.  P.  B. 

2160.  Discnssion  of  Nebular  Hypothesis.  T.  C.  Chamberlin  and  F.  R. 
Moulton.  (Science,  12.  pp.  201-208,  Aug.  10,  1900.)— This  paper  is  condensed 
from  several  others  given  by  the  authors  at  various  times,  discussing  the  discrepancies 
between  the  conclusions  of  the  Laplacian  theory  and  those  indicated  by  modern 
mathematical  analysis  of  the  conditions  governing  gaseous  masses.  [See  also 
Abstracts  Nos.  806  and  997  (1900).]  C.  P.  B. 

2161.  Total  Solar  Eclipse,  May  28,  1900.  (Frank.  Inst.,  Journ.  160.  pp.  133-161, 
August,  1900.) — Observation  by  Watts  and  others  showing  probable  atmospheric 
origin  of  the  shadow  bands,  determination  of  the  wave-length  of  the  corona  line 
(\  6304),  and  estimates  of  the  varying  luminosity  during  eclipse  form  the  main 
substance  of  the  paper.  C.  P.  B. 
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2184.  EUciric  Pyrometers,  J.  A.  Montpellier.  (felectricien,  20.  pp.  97- 
100,  Aug.  18,  1900.)— This  paper  is  a  description  of  the  electric  pyrometers  for 
high  and  low  temperature,  exhibited  by  Hartmann  and  Braun  at  the  Paris 
Exhibition.  For  temperatures  up  to  400°  C.  the  change  of  resistance  in  a  wire 
spiral  is  measured  by  an  ohmmeter  reading  direct  in  degrees  Centigrade 
For  temperatures  from  400°  to  1,600°  C.  a  thermocouple  is  used  with  a  milli- 
voltmeter.  The  couple  used  for  temperatures  from  400°  to  1,000°  C.  is  platinum 
and  an  alloy  of  platinum  and  nickel,  and  for  temperatures  from  1,000°  to 
1,600°  C,  platinum  and  an  alloy  of  platinum  containing  10  per  cent,  rhodium. 
The  construction  of  the  pyrometer  is  new  ;  it  consists  of  a  number  of  short 
cylinders  of  refractory  material  held  together  end  to  end  by  a  central  metal 
rod.  The  thermocouple  wires  pass  through  longitudinal  holes  in  the  cylinders. 
It  is  claimed  that  the  cylinders  remain  in  place  even  though  one  or  more  may 
crack.  G.  H.  B. 

2186.  The  Determination  of  y  by  Obscn^aiions  on  the  Dew-point.  R.  Cozza. 
(Archives  des  Sciences,  10.  pp.  132-143,  Aug.,  1900.) — The  author  used  a  metal 
cylinder,  closed  at  each  end  by  glass  plates,  in  which  to  conduct  the  com- 
pression of  the  moist  gas  so  that  the  deposition  of  moisture  in  the  gas  could 
be  easily  perceived  when  the  dew-point  was  reached.  The  cylinder  had 
three  tubes  leading  from  it — one  to  a  pump,  a  second  to  a  manometer  for 
registering  the  pressui^e,  and  a  third,  closed  by  a  stopcock,  by  which  the 
cylinder  could  be  placed  in  communication  with  the  outer  air.  A  thermometer 
outside  the  cylinder  completed  the  apparatus.  To  conduct  an  experiment 
the  cylinder  is  filled  with  air,  and  by  means  of  the  pump  this  air  is  compressed, 
and  when  the  heat  produced  by  the  compression  has  been  dissipated,  the 
stopcock  leading  to  the  open  air  is  opened  suddenly,  and  the  consequent 
expansion  causes  a  cooling  of  the  air.  If  this  cooling  be  sufficient  the  dew- 
point  is  reached  and  a  cloud  is  seen  in  the  cylinder.  Observations  arc  made 
writh  gradually  decreasing  amount  of  compression  until  that  point  is  reached 
when  only  the  faintest  cloud  is  visible  on  opening  the  stopcock. 

Using  the  formula — 

where — 

Ti  =  initial  temperature, 

p\  =  pressure  before  opening  stopcock, 

pi  =  pressure  of  external  air, 

Ts  =  dew-point, 

(J ^ 

tlie  value  of  -  p  -  can  evidently  be  obtained. 

In  two  methods  employed  the  following  results  were  obtained  : — 
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temperature  0  lies  between  80°  and  180**  C,  and  the  initial  dryness  .Vi  is  greater 
than  0-2— 

No  attempt  is  made  to  give  an  equation  showing  the  variation  of  y,  taking 
into  account  all  the  intricacies.  A.  S. 

2194.  Problem  in  the  Theory  of  Heai^  proposed  by  F,  Kohlrausch,  W. 
Voigt.  (Gesell.  Wiss.  Gottingen,  Nachr.,  Math-Phys.  Klasse,  8.  pp.  228-239, 
1899.) — Kohlrausch,  in  a  work  "  on  the  stationary  temperature  of  a  conductor 
heated  by  the  electric  current"  (Berlin  Berichte,  xxxviii.  p.  711)  1899),  treats 
the  problem  of  a  conductor  on  whose  surface  two  regions  are  maintained 
at  different  constant  temperatures  and  potentials,  the  rest  of  the  surface 
being  isolated  for  heat  and  electricity.  The  author  gives  a  solution  of  the 
problem,  taking  into  consideration  the  "Thomson  effect"  of  which 
Kohlrausch  had  not  taken  account.  Th^  solution  is  founded  on  the 
author's  own  former  works  (Gott.  Nachr.,  1895,  p.  185 ;  1898,  p.  118  ; 
Wied.  Ann.  67.  p.  717),  the  present  problem  offering  an  example  of  his 
methods.  If  T  denote  the  absolute  temperature,  e  a  function  of  T  depending 
on  the  nature  of  the  substance,  A  the  conductivity  for  heat,  \  that  for 
electricity,  we  have — 

A  thermoelectric  component  of  force,  X  =  ^  = -3=,  ^  (1) 

A  component  electric  current,  1/  =  —  X  -  ^    -       ''  (2) 

A  component  current  of  heat,  U  =  —  A  ^  (8) 

And  a  convection  current  of  heat  attendant  on  the  electric 

current,  U  =  -  «T  ^^  (4) 

These  are  the  fundamental  equations  of  the  theory.  S.  H.  B. 
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action  is  synimetrical  on  both  »des  of  the  hole  in  the  glass  partition,  and 
therefore  the  action  on  each  half  of  the  alternate-current  wave  is  the  same, 
both  being  interrupted.  The  time  of  complete  interruption  seldom  lasts 
longer  than  (^W  °^  ^  second.  It  is  quite  possible  to  obtain  two  breaks  in  a 
singlo  wave  by  means  erf  the  Caldwell  interrupter.  In  the  accompanying 
diagram  (Fig.  1)  curve  A  represents  the  double  interruption  in  a  circuit  in 
which  the  current  was  atmut  2  amperes  at  150  volts  and  40  cycles  per  second, 
The  inductance  of  the  circuit  was  0^2  henrys.  Curve  B  was  taken  under  the 
same  conditions,  except  that  the  inductance  was  reduced  to  j',  of  its  former 


value.  The  author  has  also  devised  a  contact-maker  for  direct-current  work 
which  enables  him  to  explain  the  apparently  large  consumption  of  power  bj 
the  electrolytic  interrupter  as  due  to  the  fact  that  the  E.M.F.  and  tlic  current 
do  not  coincide  in  phase.  Fig.  2  gives  the  first  two  waves  of  a  Wchnelt  and  : 
Caldwell  interrupter  respectively.  In  the  former,  the  interruption  is  not  com 
pletc.  In  the  latter,  the  first  wave  rises  more  steeply  than  the  second,  owinj 
to  the  fact  that  the  hole  is  full  of  liquid  and  the  first  part  of  the  curve  is  tlia 
o(  the  rise  of  the  current  in  an  inductive  circuil,  V..¥..> 

vou  iu.  31- 
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Used  on  electric  lighting  circuits.  Some  figures  iire  given  showing  that  h 
wire  shunt  ammeters  are  not  satisfactory,  one  for  1,000  amperes  requirii 
8  H.P.  to  operate  it,  when  tested.  A  novel  form  of  hot-wire  instrument 
also  described,  consisting  of  an  aneroid  barometer  with  a  resistance  wire 
the  expanding  chamber.  These  instruments  can  be  made  to  be  accurate,  b 
they  necessarily  act  slowly.  C.  K. 

ALTERNATING  CURRENTS  AND  MAGNETISM. 

2229.  Current  Curves  by  Lichienberg  Figures,     W.   Kdnig.     (Ann. 
Physik,  2.  4.  pp.  860-862,  Aug.,  1900.) — In  comparing  his  own  method 
recording    potentials    with    Griitzner's    electrolytic    current    records    [s 
Abstract  No.  1478  (1900)],  the  author  admits  that  both  are  of  limited  ran; 
of  application.    The  electrolytic  method   is  unsuitable    for  rapid  clecti 
oscillations.  E.  E. 

2230.  Resonance  in  Transmission  Work,    D.  H.  Fry.     (Journal  of  Ek 
tricity,  S.F.  9.  pp.  61-62,  April,  1900.) — ^A  simple,  practical  method  is  given 
analysing  alternating  E.M.F.  waves  into  their  constituent  harmonics.    Ti 
special  form  of  Fourier's  theorem  for  an  E.M.F.  wave  is — 

<;  =  ai  sin  ^  +  As  siu  3  ^  +  .  .  .  -f  a»«-i  sin  (2;i  —  1)  0  4-  .  .  . 
+  6i  cos  0  +  ^2  cos  8  0  -h  .  .  .  +  6f„_i  cos  (2;f  —  1)  ^  +  .  .  . 

To  determine  ai„^i  and  6j„_i  from  a  drawing  of  the  positive  half  of  t 
E.M.F.  wave,  divide  the  base  of  the  curve  into  4/i— 2  equal  parts  and  drj 
the  4/1—8  ordinates,  eu  et,  ,  ,  ,  eu-i. 

Then  approximately — 

ti,,,_,=^^— J  (^1  — t'a  +  tV.—  .  .   .   4-<^i>i-3), 
and — 

btn^i  =  2n'^i  (~  ^»  ^"  ^*  "■  •  •  •  +  ^*^-*)' 

Hence  the  (2«  —  l)th  harmonic  is  Ajn_i  sin  [(2/i  —  1)  ^  +  a»„-i], 

where — 

»_ .  _ 

and — 

bi„-i 


tan  au-i 


«i«-i 


An  example  is  worked  out  showing  that  the  method  is  a  simple  one  ai 
that  it  gives  accurate  results.    Some  remarks  are  made  as  to  the  effects 
harmonics  in  the  polyphase  working  of  transmission  lines.  A. 

2231.  Permeability  of  Iron  under  the  Influence  of  the  Oscillating  Dischai 
from  a  Condenser,  E.  W.  Marchant.  (Nature,  62.  p.  413,  Aug.  30,  190 
— Photographs  are  given  of  sparks  taken  with  the  aid  of  a  revolving  mirr 
from  a  coil  of  five  millihenrys  self-induction  and  a  Leyden  jar  of  0*06  mice 
farads,  the  difference  of  potential  before  discharge  being  13*5  volts.  T 
e£Fect  of  the  soft  iron  core  upon  the  nature  of  the  spark  is  well  shown.  T 
first  half  oscillation  with  the  core  in  is  seen  to  be  nearly  twice  as  long 
without  it)  and  a  series  of  oscillations  follow  it  gradually  increasing  in  lengl 

The  increased  length  of  the  first  spark  is  due  of  course  to  the  v^\<:x^'a&<^ 


GENERATORS,  MOTORS,  AND  TRANSFORMERS. 


907 


In  order  to  take  into  account  the  magnetising  current,  we  may  suppose  an 
auxiliary  inductance  coil  of  resistance  r«  and  inductance  Lg  joined  in  parallel 
with  the  main  inductance  coil*  (tig.  1).  Making  use  of  the  transformation 
just  eitplained,  the  author  establishes  the  following  method  of  studying  the 
l>ehaviour  of  an  induction  motor.  The  short-circuited  rotor  standing  still,  the 
P.D.,  V,  the  current  i,  and  power  u)  are  measured  (in  most  cases  it  will  be 
necessary  to  carry  out  this  measurement  at  a  P.O.  tielow  the  normal,  and 
assume  that  t  is  proportional  to  the  P.D.).  Further,  the  current  fg  and  power 
«\  are  measured  when  the  motor  is  running  light.  The  data  so  obtained  arc 
used  for  constructing  the  diagram  shown  in  tig.  2  as  follows  :  Draw  a  right- 
angled  triangle,  ADC, 

ponent  of  i.    Lay  off  DF  =  ^^!-, 
draw  CE  at  right  angles  to  AC,  and 


-,  where  i,  =  i~  -,  and  join  FA.    From  C 
AE  describe  a  semicircle.     From  A 


draw  AO 
to  AE)  = 


II  such  a  direction  as  to  make  AB  (where  AB  is  perpendicular 
Draw  ON  =  1  at  right  angles  to  OB,  and  on  ON  describe  a 


VV8' 

semicircle.  From  any  convenient  point  L  in  AC  draw  LG  parallel  to  FA. 
Next  produce  CA  until  it  intersects  BO  in  K,  and  construct  the  right-angled 
triangle  KLM,  If  we  take  any  point  P  on  the  large  semicircle,  then 
OP  ^  primary  current ;  O W  =s  power  factor  ;  PQ  =  total  power  absorbed  by 
motor;  PS  =  total  power  given  to  rotor  (to  a  suitable  scale  PS  will  also 
represent  the  torque) ;  GH  =a:=slip,  if  GL  be  taken  to  represent  a  slip  of 
100  per  cent.,  and  LT  =  equals  electrical  efficiency  of  motor,  if  LM  be  taken 


'  Thi»  would  make  the  i 


>e  applied  after  th 
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factor.  Join  BF,  and  from  F,  K,  and  L  draw  perpendiculars  to  OB.  Then 
FF'  represents  the  total  power  supplied  to  the  motor  (to  the  same  scale  as 
that  to  which  OM  represents  the  power  taken  when  running  light) ;  KK' 
represents  the  useful  torque ;  and  LL'  the  brake-power  ;  all  corresponding  to 
the  current  OF.  Furtlier,  PS  gives  the  percentage  slip  (PD  corresponding  to 
a  slip  of  100  per  cent.).  The  overload  capacity  of  the  motor,  its  starting 
torque,  &c.,  are  easily  determined  by  means  of  the  diagram.  The  concluding 
portion  of  the  paper  deals  with  single-phase  motors,  the  action  of  such  motors 
being  briefly  discussed.  The  author  points  out  that  single-phase  motors 
require  careful  designing,  and  that  it  would  be  a  great  mistake  to  suppose 
that  a  good  polyphase  motor  would  also  make  a  good  single-phase  one  if 
allowed  to  run  on  one  phase  only.  A.  H. 


REFERENCES. 
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(Elektrotechn.  Zeitschr.  21.  pp.  747-749,  Sept.  6, 1900.)— By  considering  the  magneto- 
motive  forces  and  reluctances  of  the  various  parts  of  the  magnetic  circuit,  the  author 
constructs  curves,  similar  to  those  given  in  Abstract  No.  1744  (1900),  giving  the  field 
distribution  around  the  armature  circumference  (1)  when  the  machine  is  running 
light ;  (2)  when  it  is  loaded,  the  brushes  not  having  any  lead  ;  and  (3)  the  bnishes 
having  a  lead.  The  results  obtained  are  applied  to  find  (a)  the  drop  of  potential  at 
full  load  when  the  excitation  is  kept  constant ;  [h)  the  increase  of  excitation  required 
to  maintain  the  P.D.  constant  at  full  load.  A.  H. 
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The  mean  power  consumption  of  the  seven  lamps  was  417  watts.    The 
average  value  of  the  mean  spherical  intensity  is — 

With  clear  outer  globe  169  H.U. 

With  opalescent  outer  globe    180  H.U. 

Therefore,  as  light  producers,  the  average  efficiency  is — 

With  clear  outer  globe    262 

With  opalescent  outer  globe 8*20 

reckoning  in  watts  per  mean  spherical  Hefner  unit.    The  mean  power  in 
the  arc  is  842  watts,  and  in  the  mechanism  74  watts. 

Comparisons  are  drawn,  based  on  the  results  obtained,  between  the 
direct-current  and  the  alternate-current  lamps  as  sources  of  light.  The  effect 
of  the  coating  of  ash  on  the  inner  globe  is  discussed,  and  the  following  table 
of  the  averages  of  the  whole  set  of  experiments  is  given,  the  first  part 
relating  to  direct-current  and  the  second  part  to  alternate-current  lamps. 


■ 

"l 

Mean  Intensity  in  H.U. 

Mean  Watts  Per 

Watts  Consumed 

• 

No.    Current. 

1 

Spherical. 

Lowe 

Hemi 

spheric 

Spherical  H.U. 

Lowe 
Hemisp 
rical  H 

1 

In  L;inip. 

I 
I 

In  Ar.'          Mcchan-i 

Op.      Clear 

Clear        Op. 

Clear 

Clear 

in  Arc. 

1 

! 

401        ! 

ism. 

1 

Outer.   Outer. 

172     ^^ 
^^^     256» 

Outer. 

Outer. 
810 

Outer. 

2^37 
1'W 

Outer. 

1     501 

651 

1 
1 

160      1 

1 

382   ' 

862»' 

166 
152» 

8  1  608 

669 

406          152 

195     216 

282     286 

2-60 

1-99 

4  ;  4-76 

624 

881        !  148 

127      189 

208     412 

3-76 

252 

6 

416 

458 

888        i  126 

164     174 

221  1  296 

2-63 

207 

7 

4-76 

624 

881        :  148 

208     288 

817  1  2-68 

2-20 

1^65 

9 

4*84 

682               887           145 

182  '  226 

281     2^88     2-88 

1-89 

10 

4-99 

649        i       899        !  150 

202     242 

809  1  2-74     2-24 

1-77 

12 

4-87 

586        '       890          146 

178     196 

280     8-06 

2-66 

2-33 

1 

4-9 

529        1       884          144 

1 

176     207 

1 

272 

808 

2-60 

1-98 

1 
1 

1  Power 

Power 

i 
1 

1 

Factor 

Factor 

1 

101 

1             '  Lamp. 

! 

1 

'  448     -68 

840 

Arc. 

1                     1 
1 

6-40 

•82 

108 

127 

141     206      852 

317 

217 

102  1  6-79 

469  1  -61 

876 

•78  j     84 

146 

208  1  286  1  ft.„. 
176»!  266»|  ^"^^ 

226 
260» 

1-94 
l-72» 

108 

6-89 

424  1  '65 

844 

•75       80 

116 

180 

147     8-66 

315 

2-88 

106 

6-20 

414     -61 

882 

•80  !    32 

128 

187  ;  219  :  3^24 

2-20 

1-89 

106 

612 

878  1  -56 

298     -70 

80 

1  182 

1 

158 
152» 

^il  2-«2 

2-56 
2-49» 

2-23 
1^48» 

108 

6-48 

467     -64 

888  '  -80 

74-5 

188 

175 

211     8-80 

2-61 

216 

110 

618 

>  889 

•49 

276      72 

68 

140» 

126 

148     241» 

2-68 

2'37 

6-29 

1  417 

1 

•60 

842     -76 

74-6 

1 

180 

1 

159 

190  !  8-81 

1 

2-66 

2-23 

'  Condition  of  no  outer  globe. 
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2377.  Elasticity  of  Metals  and  Temperature.  C.  Schaefer.  (Deutscli. 
Phys.  Gesell.,  Verb.  2.  11.  pp.  122-126,  1900.)— The  elasticity  of  metals  is  here 
investigated  at  very  low  temperatures,  down  to  —  186°  C,  the  boiling-point  of 
liquid  air.  Both  the  longitudinal  and  torsional  moduli  are  measured  and  the 
temperature  coefficient  of  each  is  determined.  The  metals  used  were  in  the 
form  of  wires,  and  the  same  apparatus  was  used  to  determine  both  moduli. 
The  lower  scale-pan  was  supported  by  two  rods  from  a  cross-bar  which  was 
fastened  to  an  aluminium  tube  surrounding  the  wire,  the  bottom  of  the  tube 
being  fastened  to  the  lower  end  of  the  wire.  The  scale-pan,  cross-bar,  and 
tube  were  thus  hanging  on  the  wire  and  acted  as  a  vibrator  in  the  torsional 
experiments.  The  tube  served  to  hold  the  cooling  agents.  One  determina- 
tion of  the  modulus  of  torsion  was  made  for  each  wire  by  the  vibrational 
method,  and  then  the  torsional  static  deflections  under  a  constant  couple  at 
the  various  temperatures  gave  the  temperature  coefficient  of  torsion. 

The  results  are  : — 1.  The  longitudinal  and  torsional  moduli  (//  and  k) 
between  the  temperatures  -f-  20°  and  — 186°  C.  are  represented  by  the 
equations — 

^,  =  ^„|l-/3(/-20)[ 

2.  The  temperature  coefficient  of  the  torsional  modulus  (/3)  is  greater  than 
that  of  the  longitudinal  modulus,  and  in  consequence  the  lateral  contraction  ^ 
increases  with  the  temperature.  8.  The  greater  the  thermal  coefficient  of 
expansion,  or  the  lower  the  melting-point,  the  higher  is  the  temperature 
coefficient  (gold  forming  an  exception).  4.  The  elastic  lag  or  hysteresis 
was  measured  in  Al,  Ag,  and  Cu.  In  all  three  it  was  approximately  the  same 
at  ordinary  temperatures,  and  at  —  186°  it  was  quite  inappreciable.  5.  The 
limits  of  elasticity  were  raised  by  lowering  the  temperature.  6.  The  lateral 
contraction  may  b^  expressed  in  the  form — 

1  -f  ^,  =  (1  -h  M«)i_^(^_20' 

The  temperature  calculated  from  this  equation,  which  would  give  -^  x-Anx^ 
VOL.  IIL  3^ 
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Calculating  the  effective  temperature,  obtaining  when  the  stationary  condition 
is  reached,  from  Stefan's  law — 

where  T  is  the  absolute  temperature,  and  <r  a  constant  whose  value  has  been 
recently  determined  accurately  by  Kurlbaum  as — 

<r  =  1*98  X  10-"  (unit  of  time  =  1  second). 

Hence  the  stationary  temperature  of  an  absolutely  black  unit  of  surface  at 
the  outer  edge  of  the  corona  would  be  about — 

T  =  6890°- 

Correcting  this  for  the  fact  that  the  receiving  surface  would  not  be  plane,  but 
approximately  spherical,  we  get — 

T  =  4160*. 

This  would  be  the  extreme  upper  limit.  Other  constants  might  be  used, 
involving  the  assumption  of  an  existing  atmosphere,  but  even  in  this  case  the 
effective  temperature  does  not  fall  below  1,680°,  and  as  this  is  still  consider- 
ably above  the  temperature  of  incandescence,  the  author  thinks  there  is  no 
occasion  to  seek  for  any  other  cause  of  the  continuous  spectrum  of  the  corona 
other  than  that  of  the  direct  radiation  of  the  solar  photosphere  itself  on  an 
assumed  collection  of  minute  bodies  in  the  region  surrounding  it.        C.  P.  B. 
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Sarrau,  and  others.  A.  D. 

2404.  Scales  of  Seismic  Intensity.  C.  Davison.  (Phil.  Mag.  50.  pp.  44-63, 
July,  1900.) — A  careful  comparison  of  the  various  scales  of  seismic  intensity  which 
have  been  proposed,  and  of  the  requisites  of  such  scales.  A.  D. 

2405.  Seismotnetrograph.  G.  Agamennone.  (Accad.  Lincei,  Atti,  9.  pp. 
31-39,  July  15,  1900.) — Description  of  a  new  instrument  of  the  horizontal  pendulum 
type  with  a  half-ton  bob,  and  multiplying  gear  for  the  writing-point.  A.  D. 

2406.  Solar  Eclipse^  May  28,  1900.  (Astrophys.  Journ.  12.  pp.  68-102,  July,  1900.) 
— This  paper  gives  in  a  condensed  form  the  preliminary  reports  of  the  various 
observers  occupying  American  stations  during  the  late  eclipse.  Details  of  instru- 
mental equipment,  exposure,  and  many  reproductions  from  the  photographs  obtained 
accompany  the  article.  C.  P.  B. 
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liquids  used  in  microscopy ;  the  clearing  powers  given  represent  the  lowest 
strengths  soluble  in  the  reagent.  Prices  are  also  given  where  obtainable. 
Attention  is  called  to  oil  of  cassia,  which  has  a  refractive  index  1*60160, 
clears  from  80  per  cent,  alcohol,  and  dries  hard  enough  to  make  permanent 
mounts.  T.  H.  P. 


2411.  Physiological  Cold  Light.  R.  Dubois.  (Comptes  Rendus,  IBl.  pp. 
475-477,  Aug.  27,  1900.) — The  author  obtains  light  by  bacteria  in  suitable 
liquids.  Such  light  has  the  well-known  advantage  that  it  is  free  from  heat 
waves,  and  also  has  but  slight  chemical  effect.  The  liquids  should  contain 
water,  sea  salt,  glycerine  or  mannite,  a  nitrogenous  body  such  as  peptone  or 
asparagine,  and  a  compound  of  phosphorus  such  as  lecithin  or  potassium 
phosphate.  Asparagine  is  preferable  to  the  peptones  because  there  is  less 
tendency  to  fermentation.  No  information  is  given  as  to  the  bacteria.  The 
permanence  of  the  light  depends  on  the  richness  of  the  liquids,  aeration, 
agitation,  purity  and  temperature.  It  may  continue  for  six  months.  The 
author  has  obtained  illumination  equal  to  strong  moonlight.  W.  R.  C. 

2412.  Vacuum  Tube  with  Mercury  Electrodes  for  Zeeman  Effect.  F. 
Paschen.  (Phys.  Zeitschr.  1.  pp.  478-480,  Aug.  4,  1900.>—The  vacuum 
tube  was  designed  to  obtain  an  intense  source  of  light  for  the  special  study 
of  the  complicated  Zeeman  effect  observed  by  Michelson  in  the  case  of  the 
mercurv  lines  5461  and  4359.  The  tube  consists  of  a  vertical  and  a  horizontal 
portion  (see  diagram),  at  the  junction  of  which  two  mercury  cups  A  and  B 
are  connected  by  means  of  a  capillary  portion  C.    The  bright  line  produced 


in  C  is  viewed  end-on  through  the  plate  of  fluorspar  F.  The  cup  representing 
the  kathode  is  warmed  so  as  to  produce  the  proper  pressure  of  mercury 
vapour.  The  constriction  C  is  made  to  fit  exactly  between  the  rounded 
pole-pieces  of  an  electromagnet.  When  the  field  is  excited  the  line  of 
light  joining  the  electrodes  increases  greatly  in  brightness,  and  even  sur- 
passes in  that  respect  the  brilliance  of  a  helium  tube.  Since  no  foreign 
gas  is  contained  in  the  tube,  the  mercury  remains  perfectly  clean.  The 
life  of  the  tube  is,  however,  not  very  long,  as  it  usually  cracks  near  the 
anode  after  five  or  ten  hours'  use.  E.  E.  F. 

2413.  Compound  Zeeman  Effect.    C.  Runge  and  F.  P^'^OcifcTL.    vytv>i<». 
Zeitschr.  1.  pp.  480-481,  Aug.  4,  1900.)— With  tVie  \ac\xum  \.>3\i^  ^^sc\^^^  ^^ 
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2426.  Vapoui  Pressure  of  Mercury.  W.  Miiller-Erzbach.  (Deutsch. 
Phys.  Gesell.,  Verh.  2.  11.  pp.  127-186,  1900.)— Mercury  in  glass  cylinders  was 
placed  in  a  widely  open  cupboard  in  a  quiet  room.  Its  surface  thus  remained 
clear  for  weeks.  By  finding  the  loss  of  weight  and  comparing  this  with  the 
loss  of  >veight  of  water  under  similar  conditions  the  vapour  pressure  of  the 
mercury  was  calculated,  using  a  development  of  Graham's  diffusion  law,  viz.  : — 


tt'i  _  pi       /di 
W2  ~~  Pi  \/  *'^ 


Where  wi,  «•*  arc  the  weights  of  evaporated  liquids,  pi  and  /»» their  vapour 
pressures,  and  ^i,  dt  their  vapour  densities. 


Temp. 

Duration  of  , 
E.xperiment.  i 

ipl                               * 

Loss  of 
Weight. 

Daily  Lo;s  ot  Weight. 

Vap.  Press 
ofHg. 

1 

1 

1 

Days. 

"»« 

Hg 

HaO. 

mg. 

nig. 

mm. 

18-5 

121 

26 

0-215 

595 

000124 

14-5 

80 

7 

0-288 

651 

000181 

14-9 

62 

16 

0-25B 

661 

000147 

16-6 

41        i 

14 

0-841 

1        726 

000197 

17-9 

17       ! 

1                    1 

5 

0-828 

762 

000193 

1 

The  result  for  16*6°  is  considered  the  best,  and  other  observers  results  arc 
appended,  the  paper  containing  also  the  discussion  of  a  number  of  results  for 
other  liquids.  (t.  K.  A. 

2426.  Thermal  Comiucliriiy  of  Gases.    P.  A.  Eckerlein.    (Ann.d.  Physik. 

8.  1.  pp.  120-154,  Sept.,  1900.) — The  thermal  conductivities  of  air,  hy(hogen, 

and  carbonic  acid  at  low  temperatures  were  determined  by  means  of  the 

thermometer   method,  the  thermometric  substance   being  petroleum  ether. 

For  air  the  conductivity  k  at  —  59^  was  found  to  be  0*00008678  <i!cm.  sec. 

whereas  k-m  was  000002146.  From  these  two  values  we  obtain  Ao  =  000004677 

as  against  the  latest  theoretical  value  0*0000455.     For  hydrogen  the  values 

were — 

A'_5o  =  00002898 
Jt-,i„=  0-0001175 
ito      =0-0008186. 

For  cirbonic  acid,  the  value  foimd  was — 

it_^9  =  0-00002645. 

By  Maxwell's  law,  which  is  known  to  hold  good  for  C0»,  the  value  for  Ao 
would  be  000008884.  The  experimental  value  is  000008484,  thus  showing  a 
fair  agreement.  The  conductivities  of  air  and  hydrogen  do  not  increase  in 
a  linear  manner  from  the  absolute  zero  to  ordinary  temperatures,  but  the 
temperature  coefficient  gradually  decreases,  probably  owing  to  molecular 
changes.  In  general,  it  may  be  said  that  Maxwell's  theory  Is  m  ^c>o^  -ajig:^^- 
ment  with  the  facts.  It  is  specially  corroborated  b^  \.Vv^  \i^\Ya.N\^>ax  ^V 
carbcmic  acid  at  low  temperatures.  ^.^» 
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portion  of  the  colder  base  was  measured.  Besides  the  conductivities,  the 
authors  have  also  measured  the  specific  heats  of  the  different  specimens 
tested,  and  their  results  are  given  in  the  following  table  : — 


Sp.  gr. 


Carrara  

Mexican  Onyx 

Vermont  Statuary    

American  White" 

Egyptian    

Sienna    

Hardiglio    

Vermont  Cloudy  White 
Vermont  Dove  Coloured 

Lisbon    

American  Black  

Belgian  

African  Rose  Ivory 

Tennessee  Fossiliferous 

Knoxville  Pink 

St.  Baume 


2-72 
2-71 
2-71 
2-72 
2-74 
2-68 
2-69 
2-75 
2-74 
2-75 
2-68 
2-75 
2-75 
2-71 
2-78 
2-70 


1 

Conductivity. 

A\'^i.  Sp.  Heat 
(25°  to  lOOc). 

0-214 

Sp.  Heat 

per 
unit  vol. 

1 

Dil=fusivity 

1 

000605 

0-579 

0-0087 

000656 

0211 

0-572 

0-0094 

000578 

0-210 

0-569 

00102 

000596 

0-214 

0-582 

0-0102 

000628 

0-212 

0-581 

00107 

000676 

0-215 

0-576 

00117 

000680 

0-218 

0-586 

0-0116 

000681 

0-210 

0-578 

00118 

0-00684 

0-208 

0-570 

0-0120 

000685 

0-211 

0-580 

00118 

0  00685 

0"214 

0-574 

00119 

000755 

0-206 

0-567 

0-0138 

000756 

0212 

0-588 

0-0180 

000756 

0-214 

0-580 

00180 

000757 

0-212 

0-579 

0-0181 

000761 

0-210 

0-567 

00134 

J.  J.  s. 


2430.  Radiation  of  a  Black  Body,  O.  Lumtner  and  E.  Pringsheim. 
(Ann.  d.  Physik,  3.  i.  pp.  159-160,  Sept,  1900.)— In  1897  the  authors  had 
referred  their  thermoelectric  measurements  of  the  radiation  of  a  black  body 
to  Holborn  and  Wien's  normal  couple.  They  have  now  reduced  the  tempera- 
tures to  Holborn  and  Day's  nitrogen  thermometer  [Abstract  No.  2008  (1900)], 
and  give  a  new  .table  of  temperatures  of  black  bodies.  E.  K.  F. 


2431.  Heat-conduction  within  the  Earth.  J.  Schubert.  (Phys.  Zeitschr. 
1.  pp.  442-445,  July  14,  1900.) — Riemann's  theory  is  tested  by  comparison  with 
the  results  of  observation  at  Eberswalde  and  four  other  stations,  the  lag  in 
phase  of  the  "soil-heat  below  a  depth"  (defined  by  the  integral  j^c^dx,  where 

3  is  the  temperature  at  the  depth  x  and  c  is  the  specific  heat  of  the  soil  per 
unit  volume)  behind  the  temperature  at  that  depth  being  especially  considered. 
In  the  theory  c  is  assumed  to  be  constant,  but  it  must  really  vary  with  the 
season  as  well  as  with  the  character  of  the  ground  where  the  observations  arc 
made.  Allowance,  however,  being  made  for  this,  the  results  of  the  comparison 
are  satisfactory.  R.  E.  B. 

2432.  Theory  of  t/ie  Constant-volume  Gas  Thermometer.  J.  Rose-Innes. 
(Phil.  Mag.  60.  pp.  251-260,  Aug.,  1900.)~The  ordinary  theory  of  the  constant- 
volume  thermometer  introduces  an  arbitrary  function  of  the  pressure  by 
integration  along  an  isopiestic,  which  is  determined  by  extrapolation  to 
infinity  from  observations  made  in  a  small  range.  The  author  of  this  paper 
avoids  the  necessity  for  extrapolation  by  transforming  the  usual  differential 
equation  before  integration.  The  formula  arrived  at  is  applied  to  the  deter- 
mination of  the  absolute  value  of  the  f  reezing-poiut  oi  vj2k.\.c.t  /\tv\.^^'aiC\sycv'^^'^'^^ 
effected  between  the  limits  of  temperature,  0^  C.  aud  IW  C    '^Vv^  w>a\xv^^^v^'2^ 
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furnace  house  contains  nine  furnaces  of  the  Gin  and  Leleox  double  type,  each 
equal  to  125  E.H.P. 

At  Lend-Gastein  a  fall  of  68  metres  is  utilised  in  turbines  built  by  Escher- 
Wyss  &  Co.,  of  Zurich.  The  total  power  generated  is  equal  to  4,000-6,000 
H.P.,  but  no  details  of  these  works  are  available  for  publication. 

At  Matrei  1,600-2,000  H.P.  is  utilised.  The  turbines  were  built  by  Ganz  & 
Co.,  of  Buda-Pesth,  and  the  generators  and  furnaces  by  Siemens  &  Helske. 

The  Jaice  works  have  a  maximum  of  8,000  H.P.  at  command  ;  the  eight 
turbines,  each  of  1,000  H.P.,  being  by  Ganz  &  Co.  The  generators  and 
furnaces  are  by  Schuckert  &  Cie.  The  early  operation  of  this  plant  has  been 
unfortunate,  and  important  changes  are  now  being  made.  At  Lobkovice  only 
800-450  H.P.  is  available.  Intermittent  furnaces  are  used  ;  and  700-900  kg. 
carbide  per  day  (800  tons  per  annum)  are  being  produced  here.    J.  B.  C.  K. 
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2482.  Pasting  Battery  Plates.  F.  Peters.  (Centralblatt  f .  Accumulatoren 
u.  Elementenk.  1.  pp.  227-228,  July  1 ;  and  259-262,  Aug.  1,  1900.)— Three 
methods  of  pasting  plates  for  accumulators  were  tried — (a)  That  of  S.  Farbaky 
and  S.  Schenek  (German  Patent  No.  37012),  in  which  the  material  is  mixed 
with  26  per  cent,  sulphuric  acid  ;  the  mass  when  nearly  dry  is  pressed  into 
the  grid,  and  is  allowed  to  dry  in  the  air  for  two  to  three  days.  It  is  next 
quickly  dipped  in  25  per  cent,  acid,  drained,  and  after  twenty-four  hours 
again  dipped  in  the  acid,  but  this  time  sufficiently  long  to  allow  effervescence 
to  take  place.  After  standing  a  further  twenty-four  hours  the  plate  is  dipped 
for  a  third  time  for  ten  to  twelve  hours,  (b)  The  process  of  J.  Zacharias  (Die 
Accumulatoren,  Jena,  1892,  p.  89),  in  which  water  only  is  mixed  with  the  lead 
oxide,  &c.,  and  the  paste  pressed  in  the  grids  or  formed  into  small  rods. 
The  plates  are  then  dried  and  are  ready  for  use.  (c)  That  of  W.  L.  Silvey 
(American  Patent  No.  459635),  who  mixes  the  oxide  with  water  and  applies 
the  stiff  paste  to  the  plates,  which,  whilst  the  paste  is  still  moist,  are  dipped 
into  sulphuric  acid  of  density  1-1-1*2,  where  they  remain,  according  to  the 
thickness  of  the  plate,  for  two  to  three  days.  The  process  is  then  complete, 
and  they  may,  if  necessary,  be  so  far  dried  that  they  can  be  handled  without 
damage.  Cells  were  built  up  with  these  three  types  of  plates,  and  tested  by 
discharging  at  various  rates.  Observations  were  also  made  with  the  use  of  a 
supplementary  cadmium  electrode.  [See  Abstracts  Nos.  1068  and  1416 
(1899)].    The  following  table  is  given  :— 


Rate  of  Discharge 

Watt-hour  Capacity. 

Amperes. 

Farbaky-Schcnek. 

Zacharias. 

Siivey. 

4-2 

60 

8-4 

100 

14-0 

84-27 
28-52 
26-83 
21-63 
2114 

25-59 
22-68 
18-46 
18-51 
19-32 

26-27 
22-80 
18-61 
18-76 
19-81 

W.  W.  H.  G. 

2483.  Battery  Plates  fot  Traction,  J.  K.  Pumpelly.  (Elektrochem. 
2:eitschr.  7.  pp.  83-86,  July,  1900.)— Three  photographs  are  given  of 
accumulator  plates  that  had  been  used  about  two  months  in  an  electric  car. 
The  type  of  plate  which  had  most  suffered  was  of  the  Plante  type.  It  had 
been  produced  electrochemically  in  a  solution  of  sulphuric  and  nitric  acids. 
Mechanically  it  represented  a  new  process,  and  was  carefully  manufactured. 
This  compared  very  unfavourably  with  a  Faure  plate  from  the  same  car,  and 
which  had  done  the  same  amount  of  work.  W.  W.  H.  G. 


2484.  Burning  of  Accumulator  Plates,  O.  Schmidt.  (Centralblatt  f. 
Accumulatoren  u.  Elementenk.  1.  pp.  216-218,  June  16,  1900.) — The  author 
advocates  the  use  of  oxygen  and  hydrogen  produced  by  electrolysis.  The 
method  presents  so  many  advantages  that  it  has  been  adopted  in  most  of  the 


ELECTRICAL  DISTRIBUTION,   TRACTION    AND   LIGHTING.      987 

on  insulators.  The  return  circuit  is  through  the  track  rails,  whose  joiuts  are 
bonded  with  fine  copper  conductors  of  0*15  metre  diameter.  Twenty-five 
stations  have  been  built.  The  tunnels  are  electrically  lighted  throughout. 
Auxiliary  tunnels  have  been  driven  through  to  the  Seine  to  facilitate  removal 
and  delivery  of  material.  The  total  cost  of  the  substructure  on  the  part  com- 
pleted is  approximately  37  million  francs,  equivalent  to  2,646*22  fr.  per  metre 
run.  Shields  on  the  Chagnaud  system  were  used.  The  rolling  stock  is  of  the 
corridor  type,  with  two  side  doors  to  each  car,  one  for  ingress  and  the  other 
for  egress  only.  The  motors  are  carried  in  a  cab  forming  part  of  the  front  car. 
Current  is  collected  by  a  shoe  suspended  flexibly  from  the  oil  boxes  of  the 
motor  carriages,  each  of  which  carries  two  Westinghouse  motors.  The 
motors  are  rated  at  100  H.P.  each,  at  450  r.p.m.,  and  drive  by  single-reduction 
spur-gearing,  the  diameters  of  the  wheel  and  pinion  being  respectively 
680  mm.  and  265  mm.  The  motors  are  series-wound,  and  can  for  short  periods 
give  double  their  rated  power.  Series-parallel  controllers  are  used.  A  speed 
of  86  km.  per  hour  is  allowed,  but  the  actual  speed  does  not  exceed  30  km. 
per  hour.  At  present  there  is  a  10-minutes'  service,  which  is  to  be  increased 
to  a  2  to  5-minutes'  service  from  5  a.m.  to  1  a.m.  In  addition  to  an  air-brake, 
all  the  cars  have  hand-brakes  and  emergency  electric  brakes.  The  Hall  block- 
system  of  signalling  is  used,  whereby  the  train  itself  blocks  the  lines  by 
depressing  a  pedal  which  closes  an  electric  circuit  operating  the  signal. 

A  power  station  to  supply  the  whole  of  the  lines  is  nearly  completed.  In 
the  meantime  current  is  bought  from  various  existing  companies.  The 
power  station  will  have  three  batteries  of  six  boilers  each,  one  1,500-kw. 
direct-coupled  continuous-current  set  for  600  volts,  and  four  1,500  kw.  three- 
phase  direct-coupled  sets  for  5,000  volts  and  25  periods.  There  will  be  one 
rotary  transformer  substation,  where  there  will  be  a  Tudor  battery,  as  well 
as  one  at  the  power  house  itself,  the  batteries  being  intended  to  act  as  "  fly- 
wheels." The  boilers  will  be  of  the  semi-tubular  type  ;  the  engines  are 
vertical  compound  Corliss  condensing,  each  giving  2,600  I. H.P.  at  70  r.p.m., 
with  cylinder  diameters  1*1  and  18  metres  respectively,  length  of  stroke 
1*5  metres,  and  a  flywheel  75  metres  in  diameter  weighing  63,000  kg. 
The  multipolar  dynamos,  by  Creusot,  have  steel  magnets  and  slotted  bar- 
wound  armatures.  The  alternators  have  rotating  fields  and  stationary  arma- 
tures. They  are  excited  at  200  volts  by  either  of  two  50-kw.  motor-generators, 
running  at  525  r.p.m. 

The  stationary  transformers  are  of  250-kw.  size,  grouped  in  two  banks. 
The  rotaries  run  at  250  r.p  m.,  and  have  a  capacity  of  750  kw.  They  will  be 
arranged  to  take  six-phase  currents  obtained  by  suitable  grouping  of  the 
stationary  transformers.  E.  H.  C.-H. 

2506.  Geneva  Electric  Tramways.  (Street  Rly.  Journ.  16.  pp.  575-581, 
Aug.,  1900.)— These  tramways  serve  the  city  of  about  100,000  people,  and  the 
canton  with  a  population  of  120,000,  the  area  being  109  square  miles.  When 
the  scheme  is  completed  the  expenditure  will  be  about  five  million  dollars  for 
100  miles  of  track.  The  gauge  favoured  in  Switzerland  is  only  1  metre,  which 
is  also  the  gauge  for  the  greater  part  of  these  tramways. 

The  company  has  36  cars  and  is  adding  90  new  ones  for  the  electrical 
equipment  of  which  Westinghouse  motors  and  controllers  will  be  used.  The 
network  of  feeders  is  laid  in  terra-cotta  conduits,  the  number  of  ducts  varying 
from  20  to  4.  The  cables  are  jointed  as  follows  :  They  are  first  scarfed  at  an 
angle  of  45°,  and  the  base  ends  separated  about  ^V  i"^li  and  clamped  in  a 
bullet  mould,  into  which  nearly  pure  tin-solder  is  ruu.    T\v\i»  At  ow^^  sOA^\^ 
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tested  was  a  9-inch  girder  rail  ("  P.  S.  Co.'s  Section  No.  200  "),  and  the  average 
resistances  between  the  voltmeter  contacts  at  24  inches  on  the  rails  were 
found  to  be : — 


Test. 


Ohm. 


Percentage  Difference 
from  Resistance  of 
Solid  Rail. 


Solid  rail I  0000020 

Plain  cast  weld  0*000026 

Cast  weld  with  copper  contacts -  0*000040 

Plain  cast  weld  with  2-4/0  Bryan ' 

bond 0000018 

Plain  cast  weld  with  i  x  J  Edison- ! 

Brown  alloy  plug  !  0000021 

Plain  cast  weld  with  80  in.  x  4  in. , 

X  i  in.  sheet  copper  outside  •  O'OOOOIO 


+  80 
+  100 

-10 

+  6 
—  20 


From  other  tests  with  various  rails  and  bonds  it  appears  that  the  conduc- 
tivity of  a  joint  is  quite  comparable  with  that  of  the  rail  itself,  and,  if  double 
bonding  is  used,  the  resistances  can  be  made  less  than  the  rail  resistance, 
particularly  with  bonds  other  than  those  expanded  into  holes  in  the  foot  or 
web  of  the  rail.  The  author  sums  up  as  follows  : — (a)  The  cast  weld  joint 
alone  has  a  resistance  80  per  cent,  greater  than  that  of  the  solid  rail.  (6)  The 
use  of  sheet  copper,  as  furnished  by  the  Ajax  Company,  makes  the  combined 
resistance  20  per  cent,  less  than  that  of  the  solid  rail,  (c)  Where  the  cast 
weld  joint  is  not  employed,  and  the  usual  fishplate  form  of  construction  is 
adopted,  the  fiat  sheet  surface-contact  form  of  bond,  known  as  the  "  Ajax," 
makes  the  most  efficient  type  of  bond,  both  electrically  and  mechanically, 
making  the  resistance  only  slightly  more  than  that  of  the  rail,  whereas  the 
other  types  make  the  resistance  from  three  to  four  times  more.      E.  H.  C.-H. 

2514.  Fall  of  Potential  along  Tramway  Rails,  E.  Parry.  (Electrician, 
45.  pp.  696-598,  Aug.  10, 1900.) — The  author  first  considers  the  problem  of  the 
distribution  of  potential  along  a  bare  conductor  laid  in  the  earth,  the  ends  of 
which  are  maintained  at  potentials  +  V  and  —  V  respectively.  The  value  of 
the  potential  r  at  intermediate  points  is  found  by  solving  the  equation — 

./.?  =  Ait"  (^^ 

where  i'  is  subject  to  the  condition  that — 

z'  =  +  V  when  .v  =  0, 
and —     ?•  =  —  V  when  x=:X. 
Also —    A  =  the  cross-sectional  area  of  the  rail, 

L  =  the  surface  area  of  the  rail  per  unit  length,  in  contact  with  the 
earth, 

k  =  the  conductivity  of  the  material  of  the  rail, 

//  =:  the  external  conductivity  between  the  rail  and  earth. 

The  equation  is  the  same  as  that  given  by  Fourier  to  find  the  temperature  at 
any  point  of  a  heat  conductor  exposed  to  the  air  whose  ends  are  maintained 
at   constant  temperatures.      From  (1)  v  is  found,  and    hence    the    current 

( —  *A"j- J  is  also  determined.     The  author  found  that  for  a  modern  type  of 
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of  mercury,  2425 

Eschenhagen,  1099 

Eschenhagen,  M.,  magnetic  elements, 
1492 ;  magnetic  intensity  vario- 
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Absorption  (Chemical  Physics). 

Adsorption.    J.  G.  C.  Vriens  529 

Diffusion  (Transpiratiort)  of  Air  through  Water,  and  a  Method  of 

Barometry.    C.  Barus 1774 

Nitrogen  and  Hydrogen,  Absorption   of,  by  Solutions  of   Ionised 

Substances.    L.  Braun 1887 

Permeability  of  Fused  Silica  to  Hydrogen.     P.  Villard   2262 

Water,  Absorption  of,  in  Hot  Glass.    C.  Barus '^-'^-^ 

Water-vapour,  Emission  and  Absorption  oi,  b^  CoWcyvAaX  '^VdXXsx. 
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Abstract  No*. 

Absorption  (Electric). 

Absorption  of  Electric  Waves.    J.  A.  Fleming 1847 

„  of  Rontgen  Rays,  see  section  Rays. 

Absorption  (Light  and  Heat). 

Absorption  of  Heat  by  Water  in  Motion.     G.  Halliday   83 

„  of  Rontgen  Rays,  see  section  Rays. 

Electromagnetic  Illustration  of  Selective  Absorption.     H.  Lamb 1783 

Kirchhoff's  Law  and  Electrically  Glowing  Gases.     M.  Cantor  1012 

,,  ,,  „  E.  Pringsheim   ...  141 7 

Magnetic  Field,  Absorption  in.    A.  Righi  1016 

Metals,  Optical  Constants  of.    J.  Kocnigsberger  1002 

Opacity.    O.  Lodge 130 

Propagation  of  Light  through  Absorptive  Media.     Sagnac 141 1 

Transparency  and  Opacity.     Rayleigh    1990 

Ultra-Violet  Absorption.     B.  Glatzel 1786 

Ultra-violet  Absorption  of  Closed  Chain  Carbon  Compounds.    W.  N. 

Hartley  and  J.  J.  Dobbie 2461 

Accessories  (Steam  Plant). 

Feed  Pump,  Compound  Direct-Acting    576 

Indicator,  Mean  Pressure.    W.  Ripper   1340 

Oil  and  Water  Separators   //./^ 

Steam  Piping  and  Accessories.    W.  D.  Ennis   2jo8 

Accessories  and  Appliances  (Electrical,  excluding  Traction). 

Distribution,  Electrical.    C.  F.  Guilbert 97/ 

Earthing  Device.    G.  Stern    1157 

Fans,  Electric    i^^6S 

Fuses.     B.  H.  Glover  913 

Fuses,  Enclosed.    J.  Sachs 1557 

Lightning  Arrester,  Simple.    A.  E.  Kcnnelly 916 

Resistances,  Construction  of.     M.  Levy  305 

Resistances  for  Continuous-current  Motors,  Starting.     R.  Krause    ...  7952 

„       for  Induction  Motors,  Starting.     F.  Niethammer   319 

Switchboard  Design.     H.  A.  Bertram 2314 

Switches  and  Circuit  Breakers.     Brunswick,  Vedovelli,  Zettcr,  Bou- 

cherot,  Hillairet,  Grossclin,  and  Korda 307 

Switches  and  Fuses,  high  voltage.    Zetter 1919 

Switches,  Fuses,  &c..  Suppression  of  Arcs  in.     E.  K.  Scott    5^^ 

„          High-Tension,  «c.    Vedovelli 7567 

Voltage  Regulator,  Automatic.     E.  Dick 1156 

„                „         Chapman sSS 

„                „         for  Three-phase  Circuits.    G.  Zweifel 2087 

Accessories  and  Appliances  (Traction). 

Accessories  of  Electric  Traction.     H.  E.  P.  Cottrcll    236<; 

Brake,  Electric  1379 

Compensator,  Solignac,  for  Traction  Motors.    J.  Rcyval    21 15 

Controller  Diagrams 2^58 

Controllers,  Tests  of,  for  Electric  Railways    23^6 

Motor  Suspensions.     E.  K.  Scott  1382 

New  Tramcar 7^2 

Overhead  Lines,  Sag  of .     M.  Jiillig  /J5^ 

Trolley-Wire  Guards.     Moens   944 

„  „  Pedriali  and  d' Hoop 945 

Trucks  for  Electric  Tramways.     G.  Dary   946 

Westinghouse  Electro-pneumatic  Car-control  System 604 

Alternate  Current  Research. 

Alternating  Current  Diagrams.     R.  A.  Philip    1093 

„  „        Theory.    C.  P.  Steinmetz 194 

Asymmetrical  Currents,  Production  of.    W.  L.  Hildburgh    1479 

Capacity  of  Symmetrical  Systems  of  Conductors  when  subjected  to 

Polyphase  P.D.'s.    C.  E.  Guye 1308 

For  the  IBxplanation  ol  V>nSs  \tAct.  ^^  ^.  \^3f^. 
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Alternate  Current  Research,  continued. 

Condenser  and  Choking  Coil  Currents,  Variation  of,  with  the  Shape 

of  the  Applied  E.M.F.  Wave.    A.  Russell  1687 

Condenser  Currents  in  Symmetrical  Polyphase  Systems  and   their 

Graphical  Representation.    C.  E.  Guye  1868 

Condenser,  Energy  Absorbed  by.     H.  Pellat  and  F.  Beaulard 1837 

Current  Curve  Tracer.    W.  Peukert    518 

„  „      Tracers.     R.  Franke 186 

Current  Curves,  Electrol5rtic  Record  of.     P.  Griitzner 1478 

„  „        by  Lichtenberg  Figures.    W.  Kqnig 2229 

),  „  „  J.  Zenneck 

„  „        Tracing.     F.  Townscnd i«i8d 

„  „        Use  of  Braun's  Kathode  Ray  Tube  for.   H.  J.  Costing  1865 

„  M  „  „  E.  E.  Seefehlner  1094 

Dissymmetrical  Currents  in  the  Secondary  of  a  Transformer,  with  a 

Wehnelt  Interrupter  in  the  Primary.    O.  M.  Corbino 1106 

Graphical  Methods,  Application  of,  to  Transmission  Lines.   F.  Breisig  1058 

Harmonics  of  Rotary  Currents.    J.  Zenneck 191 

High  Frequency  Currents.    W.  G.  Royal-Da wson  216 

High- Potential   Current,   Break-up   of,  into  Disruptive  Discharges. 

H.Abraham   858 

Hysteresis.    T.  R.  Lyle  192 

Imaginary  Quantities  and  Periodic  Functions.    C.  F.  Guilbert 1667 

Induction  Coil,  Current  Produced  in,  by  a  Parabolic  Wave  of  E.M.F. 

A.  Russell    519 

Induction  Motor  Problems,  Graphical  Treatment  of.    W.  Baxter,  Jr.     144 
Measurements,  see  separate  section. 

Phase  Displacements,  Large.    J.  Gorner    196 

Polyphase  Transmission  over  Long  Lines.    C.  E.  Guye 2048 

Potential  Divider,  Theory  of.    S.  A.  Montel  171 

Power  in  Circuits  Supplied  with  Distorted   E.M.F.  Waves.    S.  J. 

Barnett    145 

Power,  Expression  of,  in  Alternating  Current  Circuits.     H.  Sire  de 

Vilar i865 

Power  Factor  Measurements.    A.  J.  Bowie,  Jr.. 867 

„  „       Theory  of.    A.Russell 520 

Sine  E.M.F.,  Production  of.    G.  T.  Hanchett    169 

Three-pointed  Star  Systems,  Current  Strength  in.    A.  E.  Kennclly  ...     155 

Transformations  of  Networks.    J.  Herzog  and  C.  P.  F'eldmann   1057 

Transformer  Currents  under  Wehnelt  Interrupter.    O.  M.  Corbino...  1^0} 
Triangles  and  Stars  in  Conducting  Networks,  Equivalence  of.    A.  E. 

Kennelly 156 

Wave-Current  Generators.    C.  Heinke   1304 

Wave  Form  of  Alternating  Currents.     H.  J.  Ryan   187 

Wave- Forms,  Graphical  Treatment  of.     R.  Goldschmidt  654 

Alternators. 

Alternating-Current  Machinery.    M.  Lcblanc   749 

Armature  Reaction  in  Alternators.    A.  Blondel 336 

A.  Potier    337 

Compensated  Revolving  Field  Generators.     H.  G.  Reist    741 

Composite  Wound  Polyphase  Alternators  1358 

Compounding    Induction    Generators,   Hutin-Leblanc    Method    of. 

Wessely   1366 

Design  of  Monophase  and  Polyphase  Generators.     B.  A.  Behrend  ...  1178 

Double  Current  Generators,     fe.  Thomas   371 

„        Voltage  and  Current  Generators.    A.  D.  Adams 5^2 

Double- Wound  Armatures.    A.  D.  Adams 1^77 

Drop  of  Potential  in  Alternators.    B.  A.  Behrend 748 

Farcot  Alternator  at  the  Paris  Exhibition.    C.  F.  Guilbert 2-^18 

Fives-Lille  Alternator  at  the  Paris  Exhibition.    \,  K^^\-A 'i-'V^^ 

For  the  Explanation  of  this  Index  sec  v-^^'ST- 
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Abstract  X<m. 

Alternators,  continued. 

Grammont  Alternator  with  Hutin  and  Leblanc  Compensator.    J.  L. 

Routin 2IOO 

Helios  Co.'s  Alternator  at  the  Paris  Exhibition 1934 

Induction  Generators,  Advantages  of.    M.  Leblanc 746 

„  „  Magnetic  Leakage  in.    C.  F.  Guilbcrt    1935 

Lahmeyer    Three-phase    and    Continuous    Current    Set    at    Paris 

Exhibition  1570 

Parallel  Operation  of  Alternators.     H.  G.  Stott 2495 

Parallel  Running  of  Alternators.    G.  Benischke   750 

„  »  »  G.  Chevrier  1359 

„  „         Effect  of  Governors  on.     L.  Wilson    583 

„  „         and  Hunting  of  Alternators.     H.  Gorges  1360 

„       Working  of  Direct-Coupled  Alternators.    W.  L.  R.Emmet...  1175 

F.  G.  Sykes 1176 

Paralleled  Alternators,  Diagram  of.    C.  F.  Guilbert 342 

„  „  Hunting  of.     P.  Boucherot   340 

II  „  „  A.  Blondel   341 

Paralleling  of  Gas-driven  Alternators.    G.  Dettmar 339 

Periodicities,  Standard.     E.  K.  Scott   582 

Short-Circuit  Current  of  Alternators.    A.  Rothcrt 591 

Siemens  and  Halske  Three-phase  Generating  Set  at  Paris  Exhibition  I5t9 

Slip-ring  and  Commutator  Losses.    G.  Dettmar   1746 

Starting  Device  for  Phase-Transformer  354 

Synchronising.     M.  R.  Gardner  and  R.  P.  Howgrave-Graham 357 

„  Phase- Indicators.     W.  Rittcr 731 

Tests  of  Multiphase  Alternators  for  the  Cusset  Generating  Station. 

J.  L.  Routin 1177 

Tests  of  Steam  Alternators  at  Zurich.     H.  Wagner 1189 

Two- Phase  Generators,  Advantages  of.     H.  Girgensohn    747 

Apparatus  and  Instruments  (Electrical,  Descriptive). 

Aerograph.     N.  S.  Amstutz    1920 

Alternator,  String.     K.  Honda  and  S.  Shimizu  20^3 

Ammeter,  and  Combined  Voltmeter.     M.  Aliamet   865 

„        with  Long  Scale.     B.  Davies  i6gi 

Ammeters  and  Voltmeters.     H.  Armagnat 1501 

Apparatus  for  Determining  the   Relative  Crank  Positions  of  Two 

Engines  in  Motion.     P.  v.  Kowaleff 1023 

Capacity  Meter.    M.  I.  Pupin   1861 

Cinematoradiography  of  the  Heart.     H.  Guilleminot 1104 

"Column"  Measuring  Instruments 2225 

Compass,  Ship's 1098 

Condenser,  An  Adjustable.     L.  J.  Briggs    2223 

„  Mechanical  Model  of.    V.  Karpen 2042 

Curve-Tracer,  Alternate-Current.    W.  Peukert 518 

Curve-Tracers,  Periodic.    R.  Franke  186 

Dynamo-Static  Machine.     E.  Thomson  517 

Dynamometer.    A.  F.  M'Kissick  313 

„  Electrical  Absorption.    A.  Grau  1558 

„  Transmission.    W.  E.  Goldsborough  1922 

E.M.F.  of  Accumulators,  Instrument  for  Determining    178 

Electrolytic  Lecture-Apparatus.    C.  G.  L.  Wolf  2071 

Electromagnet,  Half-Ring.     H.  du  Bois 521 

Electrometer,  Addenbrooke   864 

Electroscope,  Vacuum.     H.  Pflaum 652 

Evershed  Moving  Coil  Instruments 1502 

Fault- Detector  for  High- Pressure  Cables.     F.Probst 1556 

Frequency  Indicator.     G.  J.  Yundt 182 

„         Measurement  of.     H.  W.  Smith  181 

„         Meter.     E.  Stockhardt    653 

Galvanometer,  Mirror.     W.  Thiermann 1307 

For  the  Explanation  ol  XVv\'s  Ywi^y.  s«t  V.  1037. 


>t 


SUBJECT  INDEX.  IO4I 

Abstract  Nos 

Apparatus  and  Instruments  (Electrical,  Descriptive),  continued. 

Galvanometer,  Shielded.     H.  du  Bois  and  H.  Rubens 1476 

„  Speaking,  for  Warships    651 

„  IJniversal.     F.  Breisig 2047 

„  „  O.  Schone iioS 

High  Frequencies  and  Pressures,  Apparatus  for.     E.  Thomson   168 

High-Voltage  Condensers.     Lombardi    306 

Hysteresis,  Study  of,  with  Braun  Tube.     K.  Angstrom  1095 

Instruments,  Alternate  Current.    G.  Benischke    1685 

„  „  M.  Aliamet 866 

„  Measuring.     H.  Armagnat 1690 

„  „  J.  F.  Stevens 2228 

Commercial.     E.  S.  Shoults 2046 

by  Siemens  and  Halske.    A.  Raps 176 

for  Three-Phase  Circuits 179 

Interrupter,  Improved  Wehnelt.    W.  A.  Price 1470 

„  Mercury.     E.  W.  Caldwell 2038 

„  „  E.  Grimsehl 1862 

Jet.     M.  Levy 165 

Vacuum.    J.  Elster  and  H.  Geitel 166 

Wehnelt.    A.  G.  Rossi 165 

Durable.     R.  H.  Cunningham  1088 

Magnetic  Balance.     H.  du  Bois    1686 

„        Intensity  Variometers.     M.  Eschenhagen 185 

Magnetometer.    Cotton 1477 

„  A.  Cotton 2261 

Maximum  Demand  Indicator,  Rimington  1555 

„  „        Indicators.     L.  J.  Steele 726 

Mershon  Compensator 304 

Meter,  Aron  Energv.     M.  Aliamet   331 

„       Blondlot.    J.  Re3rval  309 

„       Frictionless,  Evershed's.    S.  Evershed 1918 

„       Harris  Watt-hour 912 

„       Hartmann  and  Braun.    Gorncr  724 

„       Holden.    A.  S.  Garfield  and  J.  A.  Montpellier 231 1 

„      Johnson  and  Phillips 311 

„       O'Keenan  Electricity.    C.  E.  O'Keenan.... 580,  13^3 

„      Vulcain  Prepayment  Energy •  579 

Meters.     H.  Armagnat     1332 

„      Alternate  Current.     H.  Armagnat  2489 

„  „  „         with  Rotary  Field    1559 

„      Electricity.    A.  and  V.  Guillet 1737 

,.  „         Sliding-scale.     Kusminsky 1554 

„      for  Three-phase  Circuits.    J.  A.  Mollingcr   2312 

Needle  for  Exploring  Electrostatic  Fields.     F.  J.  Rogers  2226 

Ohmmeter  for  use  on  Alternate  Current  Mains 172 

Ohmmeters,  Alternate  Current.    G.  Benischke 173 

Oscillographs.    A.  Blondel 167 

Pendulum  with  Constant  Electric  Control.    C.  Fery  1622 

Permeameter.    C.  P.  Poole    184 

Phase-meter  for  Alternate  Currents.     R.  Arno 183 

Potentiometer,  Direct-reading  1472 

Pyrometers,  Electric.     T.  A.  Montpellier 2184 

Radiogoniometer.    Guilleminot 1871 

Radio-Micrometer  for  Electric  Waves.     G.  W.  Pierce   1848 

Resistance,  Compensation-.    T.  Bruger 1858 

Resistances.     Feussner   650 

Rheostat,  Balancing,  for  Bolometers.     P.  G-  Nutting 1475 

Seismoscope,  Electric,  Vertical.    G.  Agamennone    1626 

Sine  E.M.F.,  Production  of.    G.  T.  Hanchett   a^ri 

Stop-clock  for  Atwood's  Machine.    W.  C.  Baker 1.'^^ 

'  For  the  Explanation  of  this  Index  see  p-  ^^Yl* 
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Atmtract  Nos. 

Apparatus  and  Instruments  (Electrical  Descriptive),  continued. 

Testing  in  Cable  Factories.     H.  W.  Fisher    1683 

Thermophone.    G.  C.  Whipple  and  H.  E.  Warren 177 

Thermostat,  Electric.    W.  Duane  and  C.  A.  Lory   1243 

Tube,  Vacuum;  with  Mercury  Electrodes  for  Zeeman  Effect.     F. 

Paschen  2412 

Tubes,  Radiographic  Vacuum.    A.  Buguet  and  V.  Chabaud ^75 

Wheatstone  Bridge,  J.  A.  Fleming's  Workshop  form  of 1474 

Wimshurst  Machme,  Sectorless.    W.  Cotton    170 

Apparatus  and  Instruments  (Physical,  excluding  Electrical,  Descrip- 
tive). 

Analyser  for  Saccharimeter.     F.  F.  Martens 1643 

Anemometer  with  Oil  Charge.    A.  Feoktistow 2391 

Areometer  Barometer.     K.  T.  Fischer 2136 

Balance,  Spiral-spring.    C.  E.  Linebarger 2380 

Balances  for  Automatic  Weight  Exchange.     H.  Stadthagen 2130 

Binocular  Magnifying  Glass.     E.  Berger 620 

Calorimeter,  Ice-,  Bunsen's.    J.  W.  Mellor 1271 

„  New.     H.  Gerstmann   10 

„  „         G.  Massol    1272 

Camera  Lucida.    A.  Lafay 1415 

Colour  Screen  for  Telescopes    2409 

Crystalpolymeter  for  Crystals.    C.  Klein 1636 

Curve-tracer.     M.  Dechevrens 1767 

Demonstrational  Apparatus.    A.  Sella 6 

Extension  of  Wires,  Apparatus  to  Measure.    G.  F.  C.  Searle 1768 

Gasometer.    J.  Riban  1980 

Gasometric  Apparatus.    Job  2059 

Gravity  Balance.     R.  Threlfall  and  J.  A.  Pollock 900 

Hydrometers.    G.  Guglielmo 985 

„  of  Total  Immersion.    G.  Guglielmo   986 

„  „  „  A.  W.  Warrington 7 

Kilogramme,  Standard.     M.  Thiesen   444 

Lamps  for  Spectrum  Analysis.     E.  Beckmann 2410 

Manostat.    A.  Smits 1398 

Objective,  Astro-photographic.     H.  Harting 465 

Objectives,  Astronomical.     H.  Harting   83s 

„  Telescope  and  Microscope.     A.  Lcman 482 

Pendulum,  Horizontal,  in  Seismometry.     G.  Agamennone 1249 

Pendulums,  Horizontal.     O.  Hccker   ^52 

Photometer,  Colour.     F.  F.  Martens 1045 

„  Polarisation.     F.  F.  Martens  623 

„  Portable,  for  Incandescent  Lamps.    A.  J.  Rowland 466 

„  Prism.     F.  F.  Martens 1008 

„  for  Spherical  Candle-Power.    R.  Ulbricht 2154 

Planimeter,  Lippincott.     A.  G.  Greenhill    615 

Prism  of  Uniform  Dispersion.    C.  G.  Abbot  and  F.  E.  Fowle,  Jr 1644 

Pump,  Automatic  Sprengel.     W.  Donle 1621 

„      Geissler.    G.  Guglielmo 5 

„      Mercury,  Automatic.     F.  Neesen 2132 

„  „        Quick-working.     Berlemont  and  Jouard 2401 

Rain-Gauge,  Fractionating.    J.Joly 2135 

Rangefinder,  Stereoscopic.     C.  Pulfrich 1396 

Refractometer.    C.  Pulfrich l6S4 

Seismometrograph.    G.  Agamennone 24OS 

Spectral  Apparatus.     H.  Lehmann  ll^S 

Spectrograph.    J.  Hartmann ion 

Spectrophotometer.     D.  B.  Brace    4 

„  Konig.     F.  F.  Martens UK 

Tachometer.     R.  A.  Fessenden ^ 

Teiemicroscope.    A.  DescVvamps W37 

For  the  ExplatiaUoti  cA  V\vvs  \wei^^  svt^  Y-  ^^^n" 
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Abstract  Nos. 

Apparatus  and  Instruments  (Physical,  excluding  Electrical,  Descrip- 
tive), continued. 

Telescope,  Paris  Exhibition 810 

„               »          J.  N.  Lockyer  1005 

Thermometer,  High  Temperature  of  Quartz.    A.  Dufour  1260 

Vertical  Movements,  Registration  of.    N.  Ach 445 

Water-Bath  Regulator.     H.  S.  Hatfield  1397 

Astronomy. 

Absolute  Wave-length,  Corrections  to.    E.B.Frost    457 

„  »  „  L.E.Jewell  1794 

Atmospheric  Pressure  and  Moon's  Declination.    R.  Bornstein     1246,  2146 

Barometric  Movements,  Solar  Influence  on.    A.  Poincare 617 

Chromosphere,  Daily  Registration  of  the.     H.  Dcslandres 616 

Coelostat  and  Siderostat.    A.  Fowler    2i4g 

Ether,  Projection  of.    P.  de  Hcen   2450 

Green  Corona  Line,  Wave-Length  of.    W.  W.  Campbell 456 

Heliostat  and  Siderostat.    M.  A.  Cornu 1032 

Iron,  Thermal  and  Electrical  Conductivity  of.    E.  H.  Hall  2383 

Meteors,  Velocity  of.    W.  L.  Elkin 2399 

Nebular  Hypothesis.    T.  C.  Chambcrlin  and  F.  R.  Moulton 2i^^o 

„  „  F.  R.  Moulton  997 

Orion  Nebula,  Photometry  of.    J.  Scheiner  and  J.  E.  Keeler 460 

Parallax,  Photographic  Deiermination  of.     F.  Schlesinger 459 

Planetary  Atmospheres.    G.  Johnstone  Stoney 1988 

„  „  Escape  of  Gases  from.    S.  R.  Cook 805 

Planets,  Telescopic.    C.  de  Freycinet 1628 

Scintillation  and  Atmospheric  Currents.     K.  Exner 2408 

Siderostat  and  Coelostat.    A.  Fowler   2149 

„  Heliostat.     M.  A.  Cornu  1032 

Solar  Corona.    T.  Bredikhine    29 

Electrical  Theory  of.    A.  Souleyre 801 

Line,  Wave-Length  of.    C.  A.  Young 802 

Polarisation  of.  May  28,  1900.     P.  Joubin 1781 

Spectrum  of .    J.N.  Lockyer 1405 

Suggested  Explanation  of.    J.  Scheiner 2400 

Solar  Eclipse,  Actmometric  Observations  during.    J.  VioUe  ..^ 2144 

Jan.,  1898.    W.  W.  Campbell  iy82 
(fay  28,  1900 -2/5/,  2406 

Problems.    G.  E.  Hale 804 

Spectra  of  Polar  Auroral.     Paulsen  999 

„        Stellar,  Secchi's  Fourth  Type  of.    G.  E.  Hale  and  F.  Ellerman    455 

„  „      Silicon  in.     T.  Lunt  998 

Star-Magnitude,  Physical  Meaning  of.     R.  de  Kovesligethy 2145 

Stellar  ^dial  Velocities.     H.  C.  Vogel   1410 

Stellar  Spectra.    Cornu  214S 

Sun-Spot  Frequency  and  Magnetic*  Disturbance.    W.Ellis  1689 

„         of  September  and  October,  1898.    A.  Elvins    458 

„         September,  1898.    J.  Fenyi 803 

Temperature  Control  of  the  Mills  Spectrograph.    W.W.Campbell...  1785 

Automobiles  (for  Oil  Engines,  sec  separate  section). 

Accumulator  Trials.    A.  Bainville    403 

Accumulators  for  Electric  Vehicles,  Weight  of.    J.  Rosset    404 

„  on  Vehicles,  Recuperation  of.     P.  Bunct 774 

„  (small),  Motor  Transformer  for  Charging.    A.  Soulier    353 

Acetylene  and  Alcohol  for  Motors.     P.  M.  Heldt 2082 

for  Autocars    300 

„         and  Gasoline  for  Motors.     L.  Berger   2083 

„         as  Motive  Power  for  Vehicles.    E.  C.  Oliver 2081 

American  Automobiles.    F.  B.  Rae  and  others \iio 

„         Types  of  Automobiles  \ti\'>» 

For  the  £xplanation  of  this  Index  see  v  ^^'Kl- 
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Abstract  Nos. 

/Automobiles  (for  Oil  Engines,  see  separate  section),  continued. 

Automobile  Construction.     W.  W.  Beaumont    1/5/ 

Automobiles.    A.  Craig   907 

Cuenot  and  Mesna^er  906 

for  Transport.     Bricka 1208 

on  Hire.    S.  C.  Crane  7^5 

Compressed  Air  Motor,  Molas  Lam ielle  and  Tessier.     P.  Guedon  ...  1143 

Darracq  Autocar.     L.  Baudry  de  Saunicr  506 

Dupressoir  Motor  Car.     P.  Sarrey    1733 

Electric  Automobile 951 

„        Automobiles.     E.  A.  Sperry   949 

„  „  in  Boston   2522 

in  Chicago 1600 

Columbia   1199 

German    948,  1221 

Motors  for.     P.  M.  Heldt  1599 

„        Car,  Kricger.    J.  Reyval 769 

„        Fire  Engine,  Paris.    J.  Reyval 921 

„        Omnibus,  Siemens  and  Halske.    Siebert 405 

„        Vehicles.    A.  Delaselle   1601 

„  „        Control  of.     E.  H.  Cozens-Hardy   427 

„        Waggon.     M.  Schiemann   406 

French  Motor  Trials 901 

Gobron  and  Brillie  Autocar    565 

Henriod  Automobiles  2477 

Liverpool  Trials  of  Motor  Vehicles  ;  Judges'  Report  899 

Mees  Motor  Vehicle 1141 

Mors  Motor  Car 1735 

Municipal  Purposes,  Motor  Vehicles  for 1140 

Oil  Engines  and  Motor-Cars.     A.  G.  New gii 

Pennington's  Military  Automobile    1913 

Racing  Automobile  by  the  Columbia  Company.    J.  B.  Entz  and  H. 

P.  Maxim 768 

Renault  Motor- Voiturette    299 

Rcnaux  Motor  Tricycle    1549 

Richard's  Car  7/./,  1910 

Road  Locomotion.     H.  S.  Hcle-Shaw 2480 

Rochet  Automobile   2305 

Starting  Device 7/5 

Steam  Car  Chabochc    2478 

„      Carriage,  Stanley    563,  1550 

„      Lorry,  Simpson-Bodman 905 

Motor  Car,  Gardner  Serpollet    1732 

Serpollet  Superheated 903 

Vehicles,  Recent  Experiences  with.    J.  L  Thornycroft  904 

Waggons.     G.  A.  Burls  298 

Steering  Gear 1341 

Steering  Gears  with  Two  Pivots   ^^^ 

Tourand  Automobile    , 1912 

Trials,  1,000-miles'.     H.  S.  Hele-Shaw    2481 

Variable  Speed  Gear,  Buchet 569 

„  „  Gradual    1139 

„  „  Massignon's    2306 

„  ,,  Mercie 1914 

„  „  Newman's  301 

„  „  OHverson-Killingbeck 1145 

Waggon,  Automobile,  for  Heavy  Duty.    A.  Herschmann 1911 

Waggons,  Motor,  for  Liverpool  Traffic.    A.  Musker    902 

„         W^orking  Expenses  of  Horse  and  Electric  Delivery.    G.  F. 

Sever  and  R.  A.  Fliess 950 

Winton  Petroleum  Spirit  Motor  Car    '734/ 

For  the  Explanatioti  oi  W\\s  \tv^«.  ^'t  V.  vi^l. 
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Abstract  Nos. 

Batteries,  Primary. 

Cadmium  Cell,  E.M.F.  of.    E.  Cohen 2220 

„    Resistance  of.     I.  KlemenCii^ 2222 

„     E.M.F.  of.    W.  Jaeger  and  S.  Lindeck  2221 

„     as  a  Transition  Cell  and  as  a  Standard  of  E.M.F. 

H.  T.  Barnes 2065 

Carbon-consuming  Batteries  and  their  Possibilities.    W.  R.  Cooper    882 

Carbon,  Electrical  Energy  by  Oxidation  of.     W.  E.  Case  /720 

„        Energy  of,  and  Voltaic  Action.    C.  J.  Reed    241 

Chemical  Equilibrium  and  E.M.F.     H.  Danneel 2^7 

Chromium,  E.M.F.  and  Optical  Constants  of.     F.  J.  Micheli 2282 

„  Electromotive  Behaviour  of.    W.  Hittorf 6q6 

Clark  Cell,  E.M.F.  of  the.     H.  S.  Carhart  and  K.  E.  Guthe    646 

„         Hermetically  Sealed.     H.  T.  Barnes   2224 

„  Inversion  of  Zinc  Sulphate  in  the.     H.  T.  Barnes    1090 

Clark  Cells,  Variations  of.     A.  P.  Trotter    1684 

„     and  Weston  Cells,  E.M.F.  of.    W.  Marek    1091 

Concentration  Cells,  Influence  of  Substances  Containing  a  Common 
Ion  on  the  E.M.F.  of,  and  on  the  Velocity  of  Diffusion.     R. 

Abegg  and  E.  Bose 687 

Connecting  up  Electric  Batteries.     F.  Vogel 2085 

Contact  V.  Chemical  Theory  8g4 

„       Electricity.     F.  S.  Spiers 514 

,,       Force.    O.J.Lodge 1668 

Daniell  Cell,  Internal  Resistance  of.     E.  Cohen   645 

Difference  of  Potential  between  a  Salt  and  its  Non-Saturated  Solu- 
tion.   A.  Campetti 2466 

E.M.F.  of  Cells  and  Ther mo-Chemical  Data.    D.  Tommasi 688 

„      and  Chemical  Equilibrium.    V.  Rothmund 689 

Electromotive  Behaviour  of  Substances   with  Several    Degrees  of  « 

Oxidation,  I.     R.  Luther  and  D.  R.  Wilson    2467 

Gas  Concentration-cells,  and  a  Gravitation-cell.     E.  Bose 1893 

Heat  of  Formation  of  Alloys.    J.  B.  Tayler  2057 

Jeanty  Primary  Battery  303 

Lighting  from  Primary  Batteries.     F.E.Woodford   1204 

Normal-Element  and  Normal-Electrode.     E.  Bose 1533 

Osmotic  Theory  of  the  Voltaic  Cell.     M.  Couette    1892 

Passive  State  of  Metals.    W.  Hittorf   2283 

Polarisation,  sec  also  section  Polarisation.     , 

Potential  between  Metals  and  Non-Aqueous  Solutions.     L.  Kahlen- 

berg 545 

Primary  Batteries.     W\  R.  Cooper  2^.?,  S52 

„       and  Secondary  Cells  with  Electrolytes  of  Constant  Conduc- 
tivity.    E.  W.  Jungner 2309 

Progress  of  Primary  Batteries  in  the  last  Twenty-five  Years 529 

Reversibihty  of  Voltaic  Cells.    T.S.Moore  1708 

Solution-pressure,  Electrolytic.     R.  A.  Lehfeldt    254 

Standard  Cells.    W.  Jaeger    2044 

Standardising  Office,  United  States.     F.  A.  Wolff,  Jr 1468 

Theory  of  the  Voltaic  Cell.    W.  R.  Cooper    24^1 

A.  Righi 1334 

Thermodynamics  of  Normal  Elements.     E.  Cohen 2064 

the  Voltaic  Cell.     H.  S.  Carhart  2276 

Transition-cells  of  the  Third  Type,  Theory  of,  L     E.  Cohen    2278 

Transition  Element,  New  Type  of.     E.  Cohen 879 

Voltaic  Cells  with  Compound  Electrodes.     F.  S.  Spiers 1092 

Batteries,  Secondary. 

Accumulators.    M.  U.  Schoop  1348 

Burning  of  Accumulator  Plates.    O.Schmidt    2484 

Characteristic  Curves  of  Accumulators.    M.  Kohn  ^"V^ 

Charge  Indicator,  Accumulator.    Bellati    ^"^4^ 

For  the  Explanation  of  this  Index,  see  p.  ^o-^n- 
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Batteries,  Secondary,  continued. 

Commelin  and  Viau's  Storage  Cells.    J.  Blondin  1917 

Connecting  up  Electric  Batteries.    F.  Vogel 2085 

Dry  Accumulator.     R.  Kieseritzky   ii«;2 

„    Accumulators.    C.  Liebenow 24^5 

E.  P.  Storage  Battery.     H.  S.  Martin   2og^ 

Estimating  the  true  Surface  of  Accumulator  Plates.     K.  Norden 1553 

Majert  Accumulator.    A.  Wilke    723 

Pasting  Battery  Plates.     F.  Peters    2482 

„       Materials  for  Lead  Accumulators.    A.  Heinemann   1347 

Pescetto  Accumulators.    J.  Reyval  jjo 

Primary  and  Secondary  Cells  with  Electrolytes  of  Constant  Conduc- 
tivity.    E.  W.  Jungncr 2309 

Sherrin  Accumulator   722 

Storage  Battery  Problems.    E.  J.  Wade 1891 

Temperature-Coefficient  of  the  Lead  Accumulator.    F.  Dolezalek  ...  1709 
Testing  Accumulator  by  Means  of  a  Third  Electrode.     L.  Jumau  ...  22^7 

Theory  of  Lead  Accumulators.    M.  Mugdan 242 

Traction    by  Accumulators ;    see  separate  sections,  viz.,  Traction 
(Accumulator)  and  Automobiles. 

Traction  Accumulators.    J.  Reyval ii6g 

„        Battery  Plates  for.    J.  K.  Pumpelly 2483 

Trials,  Accumulator.     A.  Bainville  403 

„     Accumulators  in  the  Paris  Club.    A.  Bainville 1349 

„      Paris  Accumulator-.    A.  Bainville   1962 

„     Traction  Accumulator.    /^,  Bainville 952,  953 

„  „  ,y  E.  Hospitalier 954 

Boilers. 

Coke  as  a  Steam  Fuel   718 

Corrosion  and  Cracks  in  Locomotive  Boilers.     Desgeans  705 

Corrosive  Waters  in  Steam  Generators.     H.  de  la  Coux 1137 

Cost  of  Energy,  Cheap  Fuels  and  the.     R.  E.  Crompton    1337 

„      Steam  Raising.    J.  Holliday 1336 

Economical  Generation  of  Steam  Power.     B.  A.  Tapp   1146 

Efficiency  of  Boilers  and  Surface  Condensers.    T.  E.  Stanton 1338 

Evaporation  in  Tubes,  Influence  of  Velocity  on.    G.  Halliday 704 

Forced  Draught  and  Boiler  Efficiency.     W.  B.  Snow 555 

„  ,,  Combustion.     R.B.Hodgson ^343 

Gasoline  Gas  for  Boiler  Heating.     H.  Poole 1906 

Heat  Cycle  for  the  Steam  Boiler  and  Engine.     L.  C.  Auldjo yij 

Liquid  Fuel.     H.  Guerin 1547 

„  Apparatus  of  S.S.  Cardium  1907 

Recent  Practice  in  Boilers.     W.  D.  Wansbrough s^ys; 

Superheated  Steam.     P.  Schou 2303 

„  „  Production  and  Utilisation  of.     R.  S.  Hale  2304 

Superheater  of  Liege  University.    G.  Duchesne  896 

Test,  Hydraulic  Boiler 558 

Testing,  Boiler  1^16 

Tests,  Boiler  and  Engine,  Standard  Rules  for    2307 

of  Machinery  on  Board  Ship.     B.  C.  Brj'an  and  W.  W.  White    559 

of  Steam  Alternators  at  Zurich.     H.Wagner    1189 

Steam  Boiler,  Rules  for  Conducting 1339 

Water-tube  Boiler,  Niclausse.     M.  Robinson 292 

Boilers,  Accidents  to.    A.  Ravier    703 

„        for  Marine  Engines.    J.  T.  Milton  291 

in  the  U.S.  Navy.     G.  W.  Melville  702 

Cables,  Conductors,  and  \Viring. 

Aluminium  Conductors    J84 

„  as  an  Electrical  Conductor.    C.  T.  Child  316 

M  a  „  J.  Guillaume    1159 

„  Electrical  Conductors.    F.  C.  Perkins  1560 


For  the  Explanation  oi  \.Vv\%  \iv4«i.  ^^fc  ^,  var^l 
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Abstract  Not. 

Cables,  Conductors,  and  Wiring,  continued. 

Aluminium,  Feeders  on  the  North- Western  Railroad,  Chicago 972 

Progress  of.    J.  W.  Richards  2074 

Transmission  Line.     F.  A.  C.  Perrine    318 

„     at  Hartford  1160 

Wires  and   Polyphase  Transmission.     F.  A.  C.  Perrine 

and  F.  G.  Baum 2325 

Breakdowns,  Cable.    G.  Kapp   755,  1386 

Calculation  of  Distributing  Mains.    A.  Hccker 363 

„  „  Systems  for  Tramways.     H.  M.  Sayers  ...  2509 

Calculations  for  Alternate  Current  Mains.     L.  Fleischmann 1606 

„  „  „        Networks.    C.  P.  Feldmann  and 

J.  Herzog 362 

Calculations  for  Alternating-Current  Wires.    C.  P.  Poole 594 

Feeding-Points.    A.  Sengel 757 

Polyphase  Line  Losses.    G.  T.  Hanchett 595 

Three-phase  Mains.    C.  E.  Guye    n86 

Two  and  Three-phase  Mains  365 

Cheap  Mains  for  Electricity  Supply.    C.  M.  Harris 1926 

Copper  Saving  in  the  Joint  Transmission  of  Direct  and  Alternating 

Currents.    F.  Bedell 2499 

Core  Design,  Cable.    F.  Breisig   729 

Dust  and  Electrical  Conductors.    F.  G.  Baily  2000 

„  „  „  A.  A.  Campbell  Swinton    2089 

Earthing  Certain  Portions  of  Distributing  Systems.    C.  H.  Wording- 
ham  2501 

Earthing  Low-tension  Circuits.    W.  L.  R.  Emmet 756 

Fault-detector  for  High-pressure  Cables.    F.Probst  1556 

Fire  Risks,  Protection  from.    C.  T.  Hutchinson  366 

Heating  of  Underground  Cables.    R.  Apt 1925 

„  „  „  K.  Wilkens   1924,  2^9/ 

Insulation  of  Cables  ;  see  section  Insulators. 

Lightning  Conductors.    A.  della  Riccia 2093 

„  „  K.  Strecker 2ogg 

„  „         Earth  Resistance  of.    R.  Nowotny 1682 

Silicium  Bronze  and  Aluminium  Alloy  for  Wires.    Massin 917 

Snow  on  Phosphor  Bronze  Wires.    E.  Pierard 1389 

Submarine  Cable  Breaks  near  Previous  Repairs.    A.  Gray 914 

Submarine  Cables,  Capacity  of.    J.  E.  Young   132 

Three-Phase  Transmission  Lines,  Disposition  of.    A.  J.  Bowie,  Jr.  ...    928 

Wiring.    W.  A.  Chamen 1158 

C.  E.  Knox  ig33 

Concentric.    J.  D.  F.  Andrews   738 

Interior  Alternating  Current.    R.  W.  Lohmann iiyo 

Capacity  (Electrostatic). 

Capacity  of  Symmetrical  Systems  of  Conductors  when  subjected  to 

Polyphase  P.D.'s.    C.  E.  Guye 1308 

Condenser,  Minimum  Charging  Current  of  a.    A.  Russell 666 

Measurements,  see  separate  section. 

Polyphase  Transmission  over  Long  Lines.    C.  E.  Guye 2048 

Potentials  and  Capacities  where  the  Dielectrics  are  "Heterogeneous 

or  Conducting.    A.  A.  Petrovsky 851 

Submarine  Cables,  Capacity  of.    J.E.Young   132 

Chemical  Equilibrium. 

Chemical  Equilibrium  and  E.M.F*.     H.  Danneel  247 

Chemical  Equilibrium,  Numerical  Laws  of.    O.  Boudouard 673 

Chemical  Equilibrium  in  a  System  containing  Four  Gases.  H.  Pelabon  1 121 
Chemical  Equilibrium  in  Systems  of  Two  and  Three  Bodies.    V. 

Kouriloff 235 

Chemical  Kinetics  and  Free  Energy  of   the   Reaction  2HI-f  2A^ 

^=i±2AgI  +  H2.    H.  Danneel  v^^^ 

For  the  Explanation  of  this  Index  see  p.  ^o'^n* 
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Abstract  New. 

Conductivity  (Electric)  and  Resistivity,  continued. 

Aqueous  Solutions  containing   Hydrochloric  and  Sulphuric  Acids, 

Calculation  of  the  Conductivity  of.    J.  Barnes 2279 

Aqueous  Solutions  of  Potassium  Chloride  and  Sulphate,  Conductivity, 

Specific  Gravity,  and  Surface  Tension  of,    J.  Barnes 988 

Bismuth  and   Antimony,   Resistance    of.     R.   \Afachsmuth   and   C. 

Bamberger 1466 

Bismuth,  Resistance  of,  in  Magnetic  Field.    W.  Eichhorn 1301 

Cobalt  and  Nickel,  Physical  Properties  of.     E.  van  Aubel 2 131 

Conductivities  of  Certain  Media  for  a  Steady  Flux.     C.  H.  Lees  750^ 

Conductivity,  Influence  of  Proximity  of  Mass  upon.    G.  Gore 1856 

„  and  Thermo-electric  Power  of  Metals.     W.  Jaeger  and 

H.  Diesselhorst  '. 137 

Conductivity,  Viscosity  and  Pressure.    G.  Tammann  143 

Copper,  Conductivity  of 510 

Copper  Voltameter,  Polarisation  and  Resistance  of  the.   B.  E.  Moore  1086 
Dielectrics,  Liquid,  Resistance  and  Residual  Charge  of.    A.  Naccari    644 

Electrolytes  in  Motion,  Resistance  of.    J.  Nabl    2455 

Electrolytic  Conduction   without    Decomposition.      Camichd    and 

Swyngedauw 2469 

Electrolytic  Conductivity  and  Internal  Friction  of  Salt   Solutions. 

P.  Massoulier 1300 

Electrolytic  Conductivity  of  Sodium  Salts  of  Nitroparaffins.     O.  §  iIc  1329 

Electrothermal  Relations.     F.  Kohlrausch 136 

Gases  from  an  Arc  and  from  Incandescent  Metals,  Conductivity  of. 

J.  A.  McClelland 1854 

Gases,  Electric  Conductivity  of.    J.  Stark  1459 

„       Resistance  of.    W.  Kaufmann  2031 

Hysteresis  of  Resistance.     H.  Chevallier 862,  1857 

Influence  of  the  Dielectric  upon  Resistance.     E.  Drago 1083 

Ions,  Passage  of,  in  Gases.    J.  S.  Townsend 2449 

Iron  Alloys,  Conductivity  and  Magnetic  Permeability  of.     W.  F. 

Barrett,  W.  Brown,  and  R.  A.  Hadfield 1679  '^ 

Measurements,  see  separate  section. 

Metallic  Conduction,  Kinetic  Theory  of.     M.  Reinganum 2199 

„        Films,  Resistance  of.     A.  C.  Longden 2214 

Nickel,  Specific  Resistance  of.    J.  A.  Fleming 1084 

Non-Aqueous  Solutions,  Electrolytic  Conductivity  of.    A.  T.  Lincoln    685 

Ohm's  Law.    R.  Mewes 97 

Oxides,  Electric  Conductivity  of.    J.  Sohlman  2260 

Potassium  Magnesium  Sulphate,  Conductivity  of.    T.  C.  McKay 249 

Pressure,  Effect  of,  on  Resistance  of  Metals.    S.  Lussana  147 

Quadrilateral  Sheet,  Resistance  of  a.    C.  H.  Lees 1085 

Resistance  to  Alternating  Currents  655 

„  „  „  E.  Merritt 656 

Silicium  Bronze  and  Aluminium  Alloy  for  Wires.     Massin     917 

Solutions,  Saline,  Resistance  of,  in  Movement.    A.  Amerio 508 

Thermal  and  Electric  Conductivities.     E.  Riecke 2200 

Uranyl  Salts.     C.  Dittrich 245 

Vapours,  Arc  Light,  Charge  of.     C.  Cheneveau 100 

„         Electrolytic  Conduction  in.    A.  Hagenbach 2456 

Wehnclt  Interrupter,  Resistance  of.     C.  Heinke 2039 

„  „  „  E.  Ruhmer    2040 

Costs. 

Arc  Lamps,  Cost  of  Lighting.     \V.  M.  Stine  2350 

„     Lighting,  Cost  of.     H.  H.  Wait 1201 

Automobile  Delivery  Waggons,  Working  Costs  of.     G.  F.  Sever j^i^j 

Automobile  and  Horse  Delivery  Vans,  Working  Expen^cs  of.     (i.i?. 

Sever  and  R.  A.  F'liess 950 

Automobiles  for  Transport,  Working  Costs  of.     Bricka  1208 

Calcium  Carbide,  Storage  and  Transfer  of  Energy  by.    V.,  Hvi^:^:^^ix^  ^\Vv»^ 

For  the  Explanation  of  this  Index  see  p-  ^^'^T- 
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Costs,  continued. 

Charging  for  Electrical  Energy.    W.  W.  Lackie 1605 

Cheap  Fuels  and  the  Cost  of  Energy.     R.  E.  Crompton 1337 

Haulage  Systems  Compared.    T.Parker    601 

Isolated  Installations,  Costs  of  Working.     P.  R.  Moses  373 

Power,  Electric,  Cost  of.     P.  Dawson 2363 

„       Plants,  Electric,  Cost  of.     P.  Dawson    2364 

Profits  on  Tramway  Undertakings.     C.  H.  Gadsby 2520 

Refuse  Destructors  and  Power  Plants.    C.  N.  Russell 1726 

Steam  Raising,  Cost  of.    J.  Holliday   1336 

Traction,  Cable,  Electric,  and  Horse,  in  New  York 388 

„        Electric,  Cost  of .    G.  C.  Cuningham 387 

„        Systems,  Financial  Data  of.    E.  E.  Higgins     423 

„       Working  Expenses  of  Electric  and  Cable 1597 

Critical  Points  and  Constants. 

Corresponding  States.    D.  Berthelot   21QI 

„  „  K.  Meyer 1049 

Critical  Points.     R.  v.  Hirsch    1445 

„        State.    C.  Dieterici    80 

Hexamethylene,  Constants  of.    S.  Young  and  E.  C.  Fortey   79 

Dielectrics. 

Dielectric  Cohesion  of  Gases.     E.  Bouty    2443 

„         Constant  of  Hydrogen  Peroxide.     H.  T.  Calvert  1297 

„  „         in   Solid    and    Liquid    States.      R.   Abegg  and 

W.  Seitz  133 

Dielectric  Constants,  Temperature-coefficient  of.      R.  Abegg  and 

W.  Seitz  135 

Elongation  of  Dielectrics  in  an  Electrostatic  Field.     L.  T.  More 2440 

Glass,  Stretched,  Dielectric  Constant  of.    O.  M.  Corbino    134 

Hysteresis,  Dielectric.     F.  Beaulard    2213 

„         in  Liquid  Dielectrics.    A.  Artom 2030 

„         and  Viscosity  of  Dielectrics.     F.  Beaulard    1678 

Measurements,  see  separate  section. 

Oils,  Dielectric  Strength  of.     T.  Gray 2029 

Oscillations,  Mechanical,  of  Electrically  Luminous  Wires.    O.  Viol...  2210 

Polarisation  of  Dielectrics.     H.  Pcllat 507 

Polarised  Dielectrics,  Deformation  of.     P.  Duhcm  1080 

Resistance  and  Residual  Charge  of  Liquid  Dielectrics.  A.  Naccari...     644 

Rotations  in  an  Electrostatic  Field.     L.  Graetz 1280 

Viscosity  of  Insulating  Liquids  in  Electric  Field.    G.  Pacher  and 

L.  Finazzi    2033 

Dilatation. 

Air,  Simple  Apparatus  for  Expansion  of.    C.  F.  Adams 1269 

Cobalt  and  Nickel,  Physical  Properties  of.     E.  van  Aubel 2131 

Crystallised  Normal  Sulphates  of  Potassium,  Rubidium  and  Ciesiuni, 

Deformation  of.    A.  E.  Tutton 837 

Liquids,  Thermal  Expansion  of.     G.  Guglielmo    838 

Nickel  and  Cobalt,  Thermal  P>xpansion  of.     A.  E.  Tutton 641 

Porcelain,  Dilatation  of.    T.  G.  Bedford 488 

Rubidium,  Fusion  of.     M.  Kokardt  1270 

Silica,  Cast,  Expansion  of.     H.  Ic  Chatclier    1981 

„  ,,      Rapid  Cooling  of.     Dufour  1982 

Discharge  in  Gases  and  in  Vacuo  (Electric),  see  also  section  Rays. 

Anode  and  Kathode  during  Discharge.    K.  Przibram \ 2448 

Arc.  Electric,  Dissociation  Theory  of.     C.  D.  Child 1455 

Hissing.     Mrs.  A\Tton    515 

,,        between  Metals.     L.  Arons  I28() 

„        Sounds  emitted  by.     F.  J.  Jervis-Smith  2/5 

Argon  and  Helium,  Discharge  through.     R.  J.  Strutt  1292 

Becquerel  Rays  and  Spark-gaps.    J.  Elster  and  H.  Geitel 60 

Break,  Current  at.     K.  R.  Johnson    1673 

For  the  ExplanaUoii  of  Uus  Index  see  p.  1037. 
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Abstract  Nos. 

Discharge  in  Gases  and  in  Vacuo  (Electric),  see  also  section  Rays,  contd. 

Break-Current  in  a  Branch  Circuit.     K.  R.  Johnson 1851 

Brush  Discharge  in  a  Magnetic  Field.     M.  Toepler 103 

Conductivity  of  Gases  from  an  Arc  and  from  Incandescent  Metals. 

J.  A.  McClelland    1854 

Continuous  Discharges  in  Air.     M.  Toepler  2020 

Condenser  Discharges,  Analysis  of.    F.  Richarz  and  W.  Ziegler 1065 

ft  „  Influence  of  Iron  Cores  on.    G.  A.  Hemsalech  1284 

Cooling  in  Sparked  Air.     P.  Pettinelli 107 

Dielectric  Cohesion  of  Gases.     E.  Bouty    2443 

Discharge,  Electric.    P.  Villard    1067 

in  Gases.    J.  Stark 2202 

„      and  the  Heat  Produced.    W.  Wien 1287 

in  Quantity.     J.  Trowbridge 1068 

Striated.    J.H.Jeans  1069 

Tube,  External  Electric  Field  of.    F.  Schicht 2024 

Discharges  in  an  Electrostatic  Field.    J.  Stark 856 

„  Measurement  of .    C.  Heinke    142 

Diselectrification  Produced  by  Magnetism.    C.  E.  S.  Phillips  853 

Disruptive  Dichargc  Phenomena.    W.  J.  Humphreys 2026 

„  Discharges,  Break-up  of  a  High-Potential  Current  into. 

H.Abraham   858 

Dissipation  of  an  Electric  Charge  in  Air.    J.  Elsler  and  H.  Gcitel   ...  1281 

Electrophotography.     L.  Fomm  50 

Electrostatic  Images  on  Photographic  Plates.    W.  Schaffers    1419 

Evaporation,  Discharge  by.    A.  Pochettino  and  A.  Sella    2207 

Explosive  Effect  of  Discharges.    J.  Trowbridge,  T.  C.  McKay,  and 

J.  C.  Howe 106 

Flame,  Electric  Relations  of.    P.  Villard    1855 

Flames  Containing  Salt  Vapours.     H.  A.  Wilson 1079 

Gases,  Electrolytic  Conductivity  of,  and  V^elocity  of  Kathode  Rays. 

A.  Battelli  and  A.  Stefanini 1075 

Glow-light,  High  frequency.     H.  Ebert 119 

Helium,  Discharge  in.    W.  Heuse   22^4 

„  „  R.  J.  Strutt 1292 

High  Frequencies  and  Pressures,  Apparatus  for.    E.  Thomson   168 

High-frequency  Currents.    d'Arsonval 1671 

High-Frequency  Discharges.    N.  Tesla 2205 

Ionic  Conductivity  of  the  Atmosphere.    J.  Elster  and  H.  Geitel  2023 

Ions  in  the  Electric  Wind.    A.  P.  Chattock  104 

Kirchhoff's  Law  and  Electrically  Glowing  Gases.     M.  Cantor 1012 

Laws  of  Discharge  in  Gases,     w.  Kaufmann 1672 

Light,  Alteration  of  Properties  of  Metals  by.    H.  Buisson 1630 

„       Discharge  by.    O.  Knoblauch  105 

Lightning,  see  section  Static  Electricity. 

Luminescence  of  Immersed  Electrodes.    T.  Tommasina   493 

Luminosity  of  Gases  under  Discharge.    J.  Stark  642 

Luminous    Effects  on  Wires  Conveying    Electric    Discharges.    J. 

Borgman 1670" 

Measurement  of  Discharges.    C.  Heinke    142 

Oscillating  Discharge  from  a  Condenser,  Permeability  of  Iron  under 

the  Influence  of.     E.  W.  Marchant  2231 

Oscillatory  Discharge  of  Air  Condenser.     O.  J.  Lodge  and    R.  T. 

Glazebrook 1838 

Phillips*  Rotation  Phenomenon.     Kelvin    1*14 

Phosphorescence,   Influence  of    Incandescent    Bodies    on.     K.  v. 

Wesendonck 1842 

Phosphorus  Exhalations.    C.  Barus 2444 

Photoelectric  Phenomena.    E.  R.  v.  Schweidler 141 

Point  Discharges.     H.  Sieveking 855 

„  „  E.Warburg    ^*^\v 

For  the  Explanation  of  this  Index  sec  v-^^TH- 
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Abstract  No*. 

Discharge  in  Gases  and  in  Vacuo  (Electric),  see  also  section  Rays,  conid. 

Potential  Gradient  in  Gaseous  Mixtures.    W.  Heuse  1073 

„  „  Rarefied  Gases.    G.  C.  Schmidt    1071 

„  „  Vacuum  Tubes.     H.A.Wilson 1669 

Radiations  from  an  Electrified  Point.    S.  Leduc 491 

Rarefied  Gases,  are  they  Electrolytes  ?    E.  Bouty   1072 

Repulsion  of  Electrodes  in  Vacua.    H.  Ebert  115 

Silent  Discharge,  Combinations  of  Carbon  Disulphide  with  Gases 

under  the.    Berthelot iji6 

Spark  at  Break  between  Metals.    L.  Kallir    1840 

„     due  to  Break.    K.R.Johnson    2025 

Discharge.    E.  Warburg 120 

„  Wavy.    E.  Ruhmer   1063 

„      Discharges.     H.  T.  Simon  109 

Analysis  of .    J.  H.  West    490 

Electric,  Constitution  of.    A.  Schuster  and  G.  Hemsalech 1066 

Duration  of.     H.  Abraham  and  J.  Lemoine    857 

Pressure  in.     E.  Haschek  and  H.  Mache    2441 

on  Heating  the  Terminals  of  an  Induction  CoiL     F.  J.  Jervis- 

Smith 492 

„      Length  of  Induction  Coil.    R.  Beattie  ....' 2035 

„      Potential.    A.  Orgler    506 

„      Potentials.    J.  E.  Almy    1285 

„      Pressure  within.    J.  F.  Mohler  108 

„     Travelling  Globular.    S.  Leduc 489 

Sparking  Distances  and  Radiation.    S.  Attilio   2206 

„         Potential  for  Various  Gases.    R.  J.  Strutt  1070 

Sparks,  Resistance  of.    P.  Cardani  1839 

Striae,  Distance  between,  in  Positive  Column.    R.  S.  Willows 2022 

Tube,  Braun's  Kathode  Ray,  Use  of.  L.  Kallir ^ 1458 

„      Geissler,  Mechanical  Model  of.    W.  Kaufmann    2253 

„  „         stratification.     H.  Ebert 119 

„      Rontgen,  Lichtcnberg  Figures  inside.     E.  Riecke  859 

„      Vacuum,  Current  in.    A.  Righi no 

„  „         Electric  Glow  in.    J.  Stark  2203 

„  „         Electrolytic  Convection  in.     H.  Morris- Airey 1290 

»  „  >,  „  T.J.Thomson 1291 

„  „         Free  Electricity  on.     E.  Riecke  in 

„  „         with  Mercury  Electrodes  for  Zeeman  Effect.      F. 

Paschen 2412 

Phenomenon.    C.  E.  S.  Phillips  113 

Repulsion  of  Electrodes.     F.  Neesen 1074 

as  a  Wave  Detector.    A.  Righi    129 

Unipolar  Gas- Discharges,  Theory  of.     E.  v.  Schweidler 2248 

Vacuum  Discharges,  Effect  of  Heat  on.    G.  C.  Schmidt 1693 

„  „  Energy  expended  in.    G.  Telesca 1076 

„  „  Helical.     E.  Ruhmer 2204 

Dispersion  (Light). 

Anomalous  Dispersion.     E.  Aschkinass  626 

„  „  in  Infra-Red.     E.  Aschkinass  125c; 

Camphor  Derivatives.    A.  Haller  and  P.  T.  Muller 61S 

Electromagnetic  Theory  of  Dispersion.    A.  AntonelH /^p 

M  M  >,  P.  Drude 8^6 

Faraday  Effect,  Anomalous  Dispersion  in.    A.  Schmauss  1791 

Dissociation  and  lonisation. 

Absorption  of  Nitrogen  and  Hydrogen  by  Solutions  of  Ionised  Sub- 
stances.    L.  Braun  1887 

Acids,  Effect  of  Salts  on  the  Strength  of.     S.  Arrhenius 541 

Arc,  Electric,  Dissociation  Theory  of.    C.  D.  Child 1455 

Atmosphere,  Ionic  Conductivity  of.    J.  Elster  and  H.  Geitel 2023 

Azoimidc  (Hydrazoic  Acid),  lonisation  Constant  of.    C.  A.  West 2066 

For  the  Explanation  oi  VK\s  Xtv^^t.  ^«t  ^,  10^7. 
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Abstract  Nos. 

Dissociation  and  lonisation,  continued. 

Condensation  Nuclei.    C.  T.  H.  Wilson 1025 

De-ionisation  of  Air.    £.  Villari    1803 

Diffusion,  Theory  of.    O.  Wiedeburg 1240 

Dilution  Law.    W.  D.  Bancroft 683 

Dissociation  of  Gases.    R.  Wegscheider 244 

„  Pressure  before  H.  Sainte-Ciaire  Deville.     P.  Duhem  ...    284 

„  Reactions,  Isothermals  and  Isochors  for.     K.  Ikeda 1704 

•    Electrons,  Dynamics  of  a  System  of.    J.  Larmor 2230 

Flame-Gases,  Potential  Fall  and  Dissociation  in.    E.  Marx 2465 

„  „  Gradient  in.     E.Marx 2442 

Flames  Containing  Salt  Vapours.     H.  A.  Wilson 1079 

Gases,  lonisation  of.    W.  Kauf mann   1325 

Ionic  Charges,  Size  of  Atoms  and  their.    R.  A.  Fessenden   1234 

„     Theory  of  Metals.     P.  Drude 1833 

„     Velocities.    O.  Masson 8gs 

lonisation  Constants  of  Weak  Acids.    J.  Walker 888 

J.  Walker  and  W.  Cor  mack  ...     887 
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„         Degree  of,  and  lonisation-Equilibrium  in  Stronglv- Ionised 

Electrolytes.    Part  I.     H.  Jahn .' 1888 

lonisation  of  Dilute  Solutions.    W.  C.  D.  Whetham 1890 

of  Complex  Solutions,  Calculation  of.    J.  G.  MacGregor...  11 19 

of  Gases.    Langevin i6g4 

of  Good  Electrolytes.    H.  Euler   251 

Heat  of.    R.  Abcgg 1885 

of  Salts  in  Methyl  and  Ethyl  Alcohols.     H.  C.  Jones 686 

Ionising  Solvent,  New  Inorganic.    P.  Walden 684 

Ions,  Diffusion  of,  into  Gases.  ].  S.  Townsend 50 

in  Electrolysis,  Velocities  of.    O.  Masson  258 

Masses  of .    J.  }.  Thomson  1294 

Passage  of,  in  Gases.    J.  S.  Townsend 2449 

Velocity  of.  Produced  by  Rontgen  Rays.    J.  Zelcny 2420 

Isohydric  Solutions.    W.  D.Bancroft 1889 

Osmotic  Pressure,  Decrease  of,  by  Ion-charges.    V.  v.  Turin  2284 

Potential  Differences  with  Manganese  Dioxide  Electrodes.     O.  F. 

Tower 1327 

Solution  Pressure.    S.  R.  Milner  1531 

Electrolytic.    R.  A.  Lehfeldt 254 
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Sulphuric  Acid,  lonisation  of.    W.  Starck 252 

Taste  of  Acids  and  lonisation.    T.  W.  Richards  1806 

„     and  Degree  of  Dissociation  of  Acid  Salts.     L.  Kahlenberg 1326 

„     and  lonisation  of  Acid  Salts.    L.  Kahlenberg 2062 

Vapours,  Arc  Light,  Charge  of.    C.Cheneveau 100 

Viscosity,  Relation  of,  to  lonisation.'    }.  Barnes    1120 

Dynamos. 

Arc  Dynamo,  Brush  Multicircuit 333 

Arc-Machine  Regulation.     H.  F.  Watts 354 

Armature  Connections,  Involutes  for.     P.  Girault 507 

„        Cores,  Hysteresis  in.    F.  G.  Baily 742 

E.  K.  Scott 588 

Magnetic  Flux  in.     W.  E.  Goldsborough 589 

„        Locating  Sliort  Circuits  in 2494 

Reaction.    R.  V.  Picou 335 

Windings.     F  Emde  and  S.  Olsen    743 

Closed-Coil.    G.  Ossanna 343 

Theory  of.    C.  Richter 1182 

Weston  Three-Wire.    A.  Sengel 345 

Armatures,  Toothed-Core,  Calculations  Regarding.     F.  Niethammer    590 

Brushes,  Resistance  of 344 

„         Standardising  Carbon.    E.K.Scott   S^o 

Brush-Rocker  Details  and  Bearings.    E.  K.  Scott    ^^'^ 

For  the  JEzplanation  oi  this  \udex  s^^  ^.  ^^Vl-  j 
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Dynamos,  continued. 

Commutation  in  Dynamos  1183 

Commutator  Design.    A.  D.  Adams 745 

„  and  Slip-ring  Losses.    G.  Dettmar    1746 

Commutatorless  Dynamo  Design.     H.  E.  Heath 1357 

Design,  Dynamo.    E.  K.Scott 136^ 

Double  Current  Generators.    E.Thomas  371 

„       Voltage  and  Current  Generators.    A.  D.  Adams S9^ 

Double-Wound  Armatures.    A.  D.  Adams A577 

Dynamo  Electric  Machinery.    C.  F.  Guilbert 1942 

Dynamo-Static  Machine.    E.Thomson 517 

Dynamos  and  Motors.    F.  Niethammer 2319 

Economy  in  Dynamo  Construction.     Melotte  1571 

Field  Winding,  Compound 744 

Induction  in  Air-gap.    C.  C.  Hawkins  and  R.  Wightman  1744 

„         Air-gap  and  Interpolar.     F.  W.  Carter 2101 

„         over  Pole-face  in  Dynamos.    C.  Westplial 2324 

„         in  the  Teeth  of  a  Slotted  Armature.    W.  B.  Hird 2315 

Lahmeyer  Continuous  Current  Set  at  Paris  Exhibition    1570 

Low  Voltage  Dynamos.    E.  K.  Scott 332 

Moments  of  Inertia  of  the  Rotors  of  Dynamos.    A.  Hay    2493 

Sparkless  Running.     H.  Isler 33S 

Subdividing  Dynamo  P.D.  by  Choking  Coils.    A.  Sengel  1743 

Testing  and  Tending,  Dynamo.    N.  C.  Woodfin 1368 

Three- Wire  Distribution  from  a  Single  Dynamo.     E.  Bretch 1 1 74 

Weight  of  Dynamos.    E.Rosenberg  1943 

Economisers  and  Feed  Water  Heaters. 

Economy  of  Economisers.    A.  D.  Adams 114^ 

Evaporation  in  Tubes,  Influence  of  Velocity  on.    G.  Halliday 704 

Feed-water  Heaters    i^';^! 

„        G.  Halliday 1149 

T.  F.  Hobart    20S4 

K)r  Locomotives.    C.  M.  Muchnick 557 

Elasticity. 

Beams,  Elastic  Stability  of.    A.  G.  M.  Michell 4 

Beeswax  and  Paraffin,  Bending  Modulus  of.     M.  S.  Scgel 1392 

Capillarity,  Theory  of.     G.  Bakker 2138,  2139 

Cast  Iron,  Elasticity  of.     P.  A.  Thomas 794 

Cement,  Elasticity  of.     W.  L.  Brown 2 

Copper,  Annealed,  Uniform  Stress  and  Permanent  Strain  in.      G. 

Wilson 3 

Copper,  Elasticity  and  Strength  of.     C.  Guidi  1237 

Elasticities  in  Terms  of  Atomic  Volumes.     R.  A.  Fessenden 1235 

Glass  Tube,  Compressibility  Coefficents  and  Calibration  of.     G.  A. 

Hulett 1394 

Hoop  Stresses  and  Tensile  Strength.     M.  Gn'ibler  1393 

Impact  Tests  of  Material  in  Tension.       W.  K.  Hatt  and  E.  Marburg  1236 

Iron,  Thermal  and  Electrical  Conductivity  of.     E.  H.  Hall    23B3 

Magnetisation  and  Modulus  of  Elasticity  .    J.  S.  Stevens   2382 

„  and  Torsional  Elasticity  of  Rods    J.S.Stevens 1311 

Magnetism  and  Elasticity  of  Rods.    J.  S.  Stevens  and  H.  G.  Dorsey     202 

Metals,  Elasticity  of,  and  Temperature.    C.  Schaefer  2377 

Rocks,  Elastic  Constants  of,  and  Velocity  of  Seismic  Waves.     H. 

Nagaoka  '. 2393 

Strength  of  Materials,  under  Combined  Stress.    J.  J.  Guest    2128 

Wires,  Elasticitv  of.     G.  F.  C.  Searle   795 

Electric  Furnace  Processes. 

Calcium  Carbide,  Cost  of t;34 

„  „  „  H.Allen 

F.  Liebetanz 


ft  M 


»>  t>  ft 
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„     Industry  at  Merano 278 
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Electric  Furnace  Processes,  continued. 

Calcium  Carbide,  Merits  of  Finely  and  Coarsely  Powdered  Materials 

in  Manufacture  of.     B.  Carlson    693 

,,        Carbide,  Storage  and  Transfer  of  Energy  by.     E.  Neuberg  1 163 

Carbides,  Formation  of.    A.A.Beadle    2725 

Furnace,  Ducassc  Electric 695 

Experimental  Electric.     S.  A.  Tucker 200 

Furnaces,  Carbide,  Intermittent  and  Continuous.    O.  Frolich    2294 

Electric,  and  Calcium  Carbide.     B.  Carlson 11 29 

for  Calcium  Carbide.     R.  Memmo 2295 

Electrical,  Discharge  Device  for 772./ 

Memmo  Carbide,  at  San  Marcel.     C.  Pio 277 

„         Polyphase  Electric.    R.  Memmo    279 

Stassano  Process  for  Iron.     F.  P.  Mann 1128 

Electricity  Works  (Descriptive). 

Aberdeen  Tramways 1586 

Albion  Water  Power  Transmission  Plant.     O.  E.  Dunlap  379 

Batavia  Electric  Tramway.     H.Lippegaus 382 

Berlin  Metropolitan  Railway 1763 

„      Tramways.     D.  B.  Macgowan  1222 

„     Tramways,  Power  Station  of 2336 

Blackpool  Trams   380 

Bolton  Electricity  Works 967 

Bonn  Electricity  Works.     P.  Bauer q68 

Boston  Elevated  Railway.    C.  B.  Fairchild    2337 

Bozen,  Meran,  and  Nacnbarote,  Transmission  between.    O.  v.  Miller    386 

Bromley  and  Chislehurst  Electric  Lighting    g66 

Brooklyn  ;  King's  County  Electric  Light  Co.'s  Works    1191 

„  Operating  Problems  in.     R.L.Russell   1590 

Buenos  Ayres  Electric  Tramways.     E.  Manville  599 

Buffalo  General  Electric  Co.,  Transforming  Station 1192 

„       N.Y.,  I nterurban  Tramways     1195 

„       Track  Construction 1197 

Burgdorf-Thun  Polyphase  Electric  Railway.     W.  Rung 2366 

„  Three-Phase  Electric  Railway.    C.  Rocnat 765 

Cambridge  Electricity  Supply  Works  933 

Chambly  Transmission  Plant.     E.M.Archibald  1190 

Chicago  Generating  Stations  2327 

„        North- Western  Elevated  Railroad,  Power  Station  of   2340 

„        Polyphase  Plant  of  Edison  Company.     H.  E.  Niesz 422 

City  Road  and  Wandsworth  Supply  Stations  of  London 1188 

Coal- Handling  Plant  at  the  Wandsworth  Electricity  Works  17 41 

Coblenz  Electric  Tramway  Station 383 

Columbus  Electric  Pumping  Plant   717 

„  Water  Power  Plant  760 

Como  Electric  Tramway.     R.  v.  Podoski 763 

Copenhagen  Electricity  Works.     C.  G.  Hoest    1588 

Coventry  Electric  Tramways 939 

„        Electricity  Supply    1755 

Dayton  (Ohio)  Electric  Railways  1592 

Detroit,  Ann  Arbor  Interurban  Railway 1194 

„       Port  Huron  Interurban  Railway 1196 

„       Rochester,  Romeo  and  Lake  Orion  Railway    1591 

Dortmund  Electricity  Works.    J.  R.  Dick  1754 

Dublin  Electric  Tramways 1950 

Duluth,  Minnesota,  Power  Transmission.     F.  W^.  Springer    1751 

Edinburgh  Electricity  W^orks 761 

El berf eld- Barmen,  the  Langen  Monorail  Suspended  Railway    1593 

Exeter-Amcsbury  Railway,  U.S.A 1375 

Fremont  Three-phase  Railway,  Ohio ^'^N 

French  Electric  Tramways..!^ \t^o% 

For  the  Explanation  oi  tViis  Inden  se^  p.  ^o-^;). 
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Electricity  "Works  (Descriptive),  continued. 

Gas-Driven  Traction  Station  376 

Geneva  Electric  Tramways 2506 

Germany,  Electricity  Works  in 2557 

Ghent  Tramways.    J.  Buse 1587 

Glasgow  Electric  Tramways  2333 

Gloucester  Electricity  Works 2329 

Greenock  Electricity  Works  '. 1581 

Grosvenor  Dale  Cotton  Mills,  Electrical  Transmission  at    1582 

Hereford  Electricity  Works    y8i 

Hull ;  Trolley  Wires  over  Movable  Bridges   1218 

Ingleton  Central  Station  1212 

Isle  of  Man  Tramways 764 

Italy,  Electric  Railways  in.    E.  Bignami 236^ 

K.  Neudeck 1377 

King's  Lynn  Electricity  Works  377 

La  Praz  (Savoy)  Electricity  Works.    A.  Laponche  1949 

Lexington  and  Boston  Electric  Railway  1952 

Lindsay,  Canada,  Power  Transmission  at    2342 

Los  Angeles,  Cal.,  Transmission  Plant.    J.  A.  Lighthipe 423 

Madras  Electric  Tramways 2361 

Merrill,  Wisconsin,  Power  Station.     F.  E.  Woodford 938 

Mescla,  France,  Power  Transmission  at  2335 

Metropolitan- District  Railway,  Electric  Traction  on    2113 

Metropolitan  Electric  Supply  Company's  Works,  Willesden 1371 

Minneapolis  Railway  System  and  Water-Power.     E.  P.  Burch 2508 

Montpelier  (U.S.A.),  Polyphase  Transmission.    J.  L.  Thomas    1757 

Mt.  Whitney,  Cal.,  Transmission  Plant.    D.  H.  Fry 375 

New  Orleans,  Drainage,  Electrical  Power  for.     L.  C.  Reed   965 

New  York  Electricity  Works 2328 

„        Metropolitan  Co.  and  Third  Avenue  Railroad  Co 1373 

„  „    Street  Railway  Company.  J.  E.  Woodbridgc  1372,  21 12 

„     Third  Avenue  Railroad  Power  Station 97? 

Niagara,  New  Plant  at 936 

„        Power  System,  Development  of  the.     J.  E.  Wood  bridge    ...  1193 

„        Railway  Power  Distribution.     A.  H.  Armstrong    389 

Norwich  Electric  Tramways 1951 

Paris,  Electric  Distribution  in.     J.  Laffargue 2J5J 

„      Metropolitan  Railway.    A.  Dumas 2505 

Paris-Orleans  Railway,  Electric  Traction  on.    J.  A.  Montpellier 2507 

Peoria   and  Pekin  Railway,  U.S,A 1216 

Perth  (W.A.)  Electric  Tramways  1589 

„  Electricity  Works 378 

Philadelphia  Electric  Company.     C.  W.  Swoope  1214 

Prague  Electricity  W^orks.     E.  Kolben    '. 1948 

Quebec  Electric  Railways   301 

Rathmines  Electricity  Works     2502 

Refuse  Destructors  and  Power  Plants.     C.  N.  Russell 1726 

Reichenberger  Tramway.     M.  U.  Schoop  384 

Rouen  Hill-side  Electric  Tramway   1376 

St.  Helens  Power  Station.    J.  S.  Highfield 2330 

Santa  Rosaha  Mining  Plant 372 

Schaffhausen  Water  Power,  Utilisation  of.     A.  Amsler   1370 

Sheffield  Corporation  Tramways    600 

Sihl,  Rathausen,  and  01ten-.\arburg,  Power  Transmission  at.     C.  du 

Riche  Preller 937 

Southampton  Tramways 1585 

Southport  Lighting  and  Traction  System    2334 

Stansstad-Engelberg  Electric  Railway 2iig 

Stockport  Electricity  Works  2503 

Sunderland  Electric  Tramways 2504 

For  the  Explanation  oi  l\v\s  \w^^i.  "s^fc  V.  \^^1. 
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Electricity  Works  (Descriptive),  continued. 

Swansea  Electric  Tramways  2352 

Tonawanda  Power  Company , 1583 

Union  Railroad,  Providence,  Transmission  on  the.     B.  Harding  1584 

Warsaw  Central  Station 7^0 

Waterloo  and  City  Railway.     H.  H.  Dalrymple-Hay  1760 

„  „  „  Electrical  Equipment.     B.  M.  Jenkin  1761 

Wind  Power  Electric  Lighting  System.    E.  Dick 411 

Windsor  Electric  Lighting 762 

York  Electricity  Works  1580 

Zurich  Electric  Tramways.    J.  S.  Edstrom 1612 

Electrolysis  (Commercial). 

Alkalies,  Becker's  Electrolyser  for 1718 

„      Electrolytic  Processes  for.    J.  G.  A.  Rhodin 1901 

Aluminium.    J.  H.  Henderson  550 

„  £lectrol3rtic  Production  of.    G.  H.  Robertson   551 

„  Progress  of .    J.W.Richards 2074 

Bleaching  of  Wood  Pulp,  Electrolytic.    A.  Navarre    273 

„  Solutions,  Electrolytic  Production  of.     F.  Foerster  1539 

Chromium,  Electro-deposition  of.    S.  Cowper-Coles   1723 

Cleaning,  Electrolytic,  of  Metals.    J.  Reyval 2298 

Copper,  Electrolytic  of,  from  Alkaline  Solutions.    S.  Cowper-Coles  1123 

Copper  Refineries,  Great  Falls  and  Anaconda   549 

„       Tubes,  Electrolytic  Production  of.    S.  Cowper-Coles  1537 

Drilling  and  Slotting  of  Metals,  Electrolytic.    S.  Cowper-Coles   2293 

Earth  Returns,  Electrolysis  by,  see  section  Traction  (electric). 

Electro-chemical  Industry.    W.  Borchers S53 

„  „  in  France.     L.  Guillct  2292 

Electro-Chemistry.    M.  Bodenstein 1904 

„  „  H.  Borns    190s 

„  „  F.  M.  Perkin 20^s 

,  „        in  a  Dye  and  Print  Works.    A.  E.  Sunderland    2301 

„  „        Progress  of.     H.  R.  Kingman 1343 

Electro-Galvanising.    S,  Cowper-Coles  697 

Electro-Metallurgy  and  Mechanical  Engineering.    S.  Cowper-Coles    286 

Etching  and  Engraving,  Electrolytic.    T.  Rieder    17 16 

File  Sharpening,  Electrolytic.    S.  Cowper-Coles 28 j^ 

Hypochlorite,  Electrolytic.    J.  B.  C.  Kershaw  1902 

Hypochlorites,  Electrolytic.    V.  Engelhardt 1331 

Nickel  Plating,  Barrel  Method  of.    G.  Dary 2297 

Oxygen  and  Hydrogen,  Electrolytic.    W.S.Franklin 272 

„        Salts  of  the  Halogens,  Electrolytic.    P.  Imhoff 1717 

Sulphide  Ores,  Electrolytic  Treatment  of.    S.  Cowper-Coles 283 

Tanning,  Electric 275 

,f  »         J.  Buse    274 

Zinc,  Electro- Deposition  of.    S.  Cowper-Coles 692 

„    Electrolytic,  and  Utilisation  of  Anode  Gases.    ].  Rontschewsky  2296 
Electrolysis  (except  Commercial). 

Alcohols,  Aliphatic,  Electrolysis  of.     K.  Elbs  and  O.  Brunner 1900 

Alkali-Metal  Chloride  Solutions,  Electrolysis  of.     F.  Foerster  269 

„  ,,  „  H.  Wohlwill  ...268,  1132 

Alkali  Salts  of  Organic  Acids,  Electrolysis  of.    J.  Petersen 17 14 

Alkaline  Earth  Metals,  Electrolysis  of  the  Bromides  of.    J.  Sarghel...    267 

Alloys,  Electro-deposition  of .     H.  W.  Toepffer 1124 

Aluminium  Anode,  Action  at.     K.  Norden 260 

Ammonium  Thiosulphate,  Electrolysis  of.    P.  Pierron    270 

Chlorides,  Anodic  Changes  during  Electrolysis  of.    F.  Foerster  and 

H.  Sonneborn    1898 

Copper,  Electrolytic  Trees  of.    S.  Cowper-Coles 547 

„       Voltameter,  Polarisation  and  Resistance  of.   B,  E.^oot^    ...  vsife 
Deposition  of  Metals  from  Non- Aqueous  So\ul\otvs.    \..  YaJcCi^TvVit^^ -i.^^^ 

For  the  Explanation  of  this  Index  see  p.  \oYl- 
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Electrolysis  (except  Commercial),  continued, 

E.M.F.,  Limiting,  in  the  Electrolysis  of  Chlorides.     E.  Miiller 1896 

„        Minimum,  for  Electrolysis.    A.  Gockel   1328 

Earth  Returns,  Electrolysis  by,  see  section  Traction  (electric). 

?21ectro-chemical  Equivalent  of  Carbon.     H.  C.  Pease   ^ 1712 

„  „  „  S.  Skinner 2068 

„  Equivalents  of  Copper  and  Silver.   T.  W.  Richards, 

E.  Collins,  and  G.  W.  Heinirod 889 

Electro-chemistry.    F.  M.  Perkin 207s 

Electrolysis  through  Semi -permeable  Membranes.     B.  Moritz 1897 

Electrolytic  Baths.    Q.  Marino 263 

„  Conduction    without    Decomposition.      Camichel    and 

Swyngedauw 2469 

Electrolytic  Potential  and  its  Application.    A.  Schukarew 248 

Evolution  of  Gases,  Electrolytic.    W.  A.  Caspari 257 

Ferments,  Action  of  Electric  Currents  upon.    F.  J.  MoUer    259 

Fluorine,  Electrolytic  Preparation  of.     H.  Moissan 2072 

„       and  Silver  Fluoride,   Electro-chemical  Behaviour  of.    R. 

Abegg  and  C.  Immerwahr 892 

Fused  Salts,  Apparatus  for  Electrolysis  of.    A.  A.  Beadle 1130 

„      Salts,  Faraday's  Law  applied  to.    A.  Helfenstein 17 13 

Gases,  Electrolytic  Conductivity  of,  and  Velocity  of  Kathode  Rays. 

A.  Battelli  and  A.  Stcfanini T 1075 

Gases,  Rarefied,  arc  they  Electrolytes  ?     E.  Bouty  1072 

Hypochlorite  Solutions,  Electrolysis  of.    A.  Brochet 2286 

Hypochlorites,  Electrolytic.    A.  Sieverts   1125 

Indulin  Dyes,  Electrolytic  Preparation  of.    W.  Lob   1534 

„         „  „  „  E.  C.  Szarvasy    1126 

Ions  in  Electrolysis,  Velocities  of.    O.  Masson 258 

Iron  Anodes,  Dissolution  of,  in  Sodium  Acetate  and  Acetic  Acid. 

G.  Arth     264 

Kathodes,  Metallic,  Disintegration  of.     G.  Bredig  and  F.  Haber 261 

Luminous  Phenomena  in  Cells.     F*.  Eichberg  and  L.  Kallir  256 

Magnetic  Deposits  formed  in  a  Magnetic  Field.    C.  Maurain  2235 

Metals  Deposited  under  Electric  Transport.    T.  Tommasina   1536 

Migration  Constant  of  Sulphuric  Acid.    A.  Kendrick 2464 

Model  to  Illustrate  Electrolysis.     E.  Muller  1895 

Nitrogen    Hydrides  and   Hydroxylamine,   Electrolysis  of.      E.    C. 

Szarvasy 2073 

Organic  Substances,  Electrolytic  Synthesis  of.  O.  Dony-Henault  1715,  2468 

Photographic  Study  of  Cells.     R.  R.  Ramsey    255 

Potassium  Chlorate,  Electrolytic.    A.  Brochet 1899,  2285 

„  Chloride,  Electrolysis  of.    A.  Brochet 691 

Reducing  Action  of  Electrolytically  Separated  Metals.    A.  Binz  and 

A.  Hagenbach    .'. 266 

Reduction,  Electrolytic,  of  Nitrobenzene.    F.  Haber  and  C.  Schmidt  1332 

of  Xon-Electrolytes.     F.  Haber   1333 

of  Potassium  Chlorate.    A.  L.  Voege  690 

in  Sulphuric  Acid  Solution.    J.  Tafel 2287 

of  Nitro-derivatives.     P.  Pierron 265 

Reflecting  Power  of  Electro- Deposited  Metals.     S.  Cowper-Coles  ...     S46 

Silver-Cadmium  Alloys,  Deposition  of.     S.  Cowper-Coles 8t>i 

Silver  Voltameters.    J.  ¥.  Merrill 1305 

Sodium  Chloride,  Electrolysis  of.     C.  G.  L.  Wolf 2071 

Solid  and  Melted  Electrolytes,  Electrolysis  of.     C.  C.  Garrard 271 

Thermodynamics,  Graphical,  of  Electrochemical  Processes.  F.  Haber  2277 
Zinc,  Electrolytic  Deposition  of,  under  Pressure.      S.  Cowper-Coles    548 

„      Sponge,*  Nature  of.     F.  Foerster  and  O.  Giinther 262 

Electrolytic  Analysis. 

Bismuth,  P:iectrolytic  Estimation  of.     D.  Balachowsky 2290 

Cadmium,  Elcctrolylic  F.sV\\wa\.\ov\  o(.    D,  Balachowsky  2289 

For  the  Explanation  oi  V\v\s  \Yvd«^  ^^  V-  ^^1* 
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Electrolytic  Analysis,  continued. 

Deposition  of  Metals  from  Non-Aqueous  Solutions.      L.  Kahlenberg  2070 

Electrolytic  Determinations  and  Separations.    L.  G.  Kollock  2060 

Lead,  Electrolytic  Estimation  of.    C.  Marie 2288 

Manganese,  Electrolytic  Estimation  of,  in  Manganese  Ore.  A.  Hiorns  1532 
Equipment  of  Factories,  and  Machine  Tools. 

Antwerp  (East)  Railway  Station,  Installation  at  the.     Melotte 935 

„        Railway  Station,  Installation  at  the.     L'Hoest 934 

Bristol  Electric  Transformer  Company's  Factory S93 

Brux  Coal- Mines,  Three-phase  Plant  at  the.    A.  Kolhen 1756 

Chicago  Great  Western  Railway  Shops,  Electrical  Equipment 1759 

Deering  Harvester  Company's  Power  Station    2338 

Dumfries  Quarry  Installation 7S5 

Electric  Power  in  Factories.    G.  H.  Bowden   1930 

„  „      in  Works.     L.  Bell  322 

„       Transmission  of  Power  in  Factories.    W.  S.  Aldrich  2500 

Electrical  Driving  of  Factories.    A.  H.  Gibbings 138s 

Electrically-driven  Machine  Shops.     R.  T.  E.  Lozier 732 

Electricity  as  a  Motive  Power.    J.  S.  Raworth 758 

„  in  Workshops    321 

„  versus  Shafting 2488 

Gasworks,  Electricity  in.     H.  G.  Field 919 

Hat  Manufacture,  Electricity  in    7/72 

Heating  Plant,  Electric  325 

Jacks,  Electrically-driven   925 

Packing  House,  Electrical  Equipment.    J.  E.  Smith  1758 

Powder  Factories,  Electric  Power  in  759 

Powder  Factory,  Indian  Head  Smokeless,  Electrical  Equipment  of  2341 

„        Works,  Electricity  in.    W.  H.  Allen    Q63 

Power  Required  for  Heavy  Machine  Tools   1929 

Preston  Electric  Tramway  Carriage  Works.    B.  Sykes 428 

Printing  Establishment,  Electric  Equipment  of.    G.  A.  Damon  11 87 

Printing-Presses,  Motor  Control  for 1747 

Printing  Presses,  Regulation  of  Motors.    T.  a'Becket 1 574 

Riveting  Machinery,  Electric.    F.  v.  Kodolitsch  1564 

Steel  Works,  Electric  Power  in 374 

„         „  „       Transmission  in 320 

„         „        Electricity  in 2111 

Western  Electric  Company's  Factory,  Power  Plant  of    2339 

Freezin^r-,  Melting-,  and  Boiling-Points. 

Boiling-point,  Constant,  Liquid  Mixtures  of.    G.  Ryland   1435 

„  Curves.    C.  L.  Speyers 1703 

Boiling-points  of  Zinc  and  Cadmium.    D.  Berthelot   2183 

Cryoscopic  Behaviour  of  Nitro-derivatives  in  Formic  Acid  Solution. 

G.  Bruni  and  P.  Berti  1707 

Cryoscopic  Behaviour  of  Phenols,  Influence  of  Solvent.     K.  Auwers 

(with  H.  M.  Smith  and  W.  Bartsch) 544 

Cryoscopic  Investigations  on  the  Constitution  of  Acid-amides.     K. 

Auwers 676 

Cryoscopic  Observations.     K.  Auwers  (with    F.  H.  Betteridge,  W. 

Bartsch,  M.  Dohrn,  and  H.  M.  Smith) 1115 

Cryoscopy,  Antimony  Trichloride  in.    S.  ToUoczko 883 

Freezing-point,  Depression  of,  Calculating.     E.  H.  Archibald  253 

„  Depression  of,  by  Mixtures  of  Electrolytes.  J.Barnes  2280 

„  Methods  in   Dilute   Solutions    and    the  Theory  of 

Solutions.     M.  Wildermann    IS40 

Freezing-point,  Real  and  Apparent,  and   Freezing-point   Methods. 

M.  Wildermann 881 

Freezing-point  of  Water  containing  Hydrochloric  Acid  and  Phenol. 

J.  A.  Emery  and  F.  K.  Cameron    ^'V^"i> 

Freezing-points  of  very  Dilute  Solutions.    M,  V»J\\AtTtc«LWw    ^'^^ 

For  the  Explanation  of  this  Index  ^e  p-  ^^"Vl- 
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Gases  and  Vapours,  continued. 

Densities  of  Siturated  Vapours.    R.  von  Hirsch  16 

Density  of  Gases.    R.Jahoda    1771 

Diffusion  of  Gases.    M.  Brillouin 797 

EfHux  of  Permanent  Gases.    R.  Emden 14 

Effusion,  Relative,  of  Argon,  Helium,  and  other  Gases.   F.  G.  Donnan  1624 

Heat  and  Molecular  Motion.     HolzmuUer 2436 

Internal  Pressure  of  Gases.    D.  Berthelot 842 

Isothermals  of  Gaseous  Mixtures.    N.  Quint 1273 

Kinetic  Theory  of  Gases.    Gyozo  Zemplen    1817 

Mixtures,  Gaseous.    D.  Berthelot 486 

„  „  Liquefaction  of.     F.  Caubet   843 

Molecular  Theory  of  Gases.    M.  Brillouin 2192 

^•Dia^ram,  Two  Remarkable  Groups  of  Geometrical  Loci  on.    E. 

Mathias  2434 

Steam,  Characteristic  of.    O.  Tumlirz 2009 

„       Saturated,  Cooling  of,  by  Free  Expansion.    J.  H.  Grindley  ...  1436 

„       Superheated,  Properties  of.    J.  H.  Grindley 1274 

„       Wet,  Adiabatic  Expansion  of.    F.  W.  Arnold 2193 

Velocity- Distribution  in  a  Gas,  Law  of.    N.  D.  C.  Hodges 1438 

Viscosity,  Gaseous,  Influence  of  Molecular  Volume  on.    G.  Jager...75,  2427 

Volume,  Minimum,  of  Fluids.    D.  Berthelot 1^42 

„        and  Pressure  of  Saturated  Vapour.     H.  Moulin 1813 

Van  der  Waals'  Constant  7>,  Meaning  of.     L.  Boltzmann  and  H. 

Mache 2007 

Van  der  Waals'  Constants,   Evaluation  of.      P.  A.  Guye  and   L. 

Friderich 2006 

Gravity. 

Balance,  Gravity.    R.  Threlfall  and  J.  A.  Pollock 990 

Compensation  of  Relative  Gravitation  Results.    A.  Venturi  7409 

Earth's  Surface,  Gravity  and  Temperature  below.     R.  v.  Sterneck  ...  2127 

Gravitation.    J.  H.  Poynting 2147 

„  Constant  and  Earth's  Density.    A.  Gerschun 442 

Gravity  in  Piedmont.    C.  Aimonetti    24 

„        and  Temperature  below  the  Earth's  Surface.    R.  v.  Sterneck  2127 

Newtonian  Constant.    G.  K.  Burgess  23 

Induction. 

Atomic  Heat  and  Magnetic  Susceptibility,  Law  of.    S.  Meyer 1434 

Electromagnet,  Half-Ring.     H.  du  Bois 521 

Electrostatic  and  Electromagnetic  Induction.    W.  de  Nikolaieve    ...      95 

Long  Iron  Bar,  Magnetic  Induction  in.    C.  G.  Lamb 201 

Magnetic  Deposits  formed  in  a  Magnetic  Field.    C.  Maurain   2235 

Flux,  Distribution  of.     P.  Gasnier  203 

Properties  of  Iron  and  the  Alloys  of  Iron,  Effect  of  Tem- 
perature on.     R.  L.  Wills    2236 

Magnetic  Shielding.    A.  P.Wills 207 

Molecular  Susceptibility  of  Paramagnetic  Salts  of  the  Rare  Earths 
and  of  the  Iron  Group.    O.  Liebnecht,  with  H.  du  Bois  and 

A.  P.  Wills 869 

Permeability  of  Iron  under  the  Influence  of  the  Oscillating  Discharge 

from  a  Condenser.     E.  W.  Marchant 2231 

Permeability  and  Magnetic  Field.    R.  A.  Fessenden 1277 

Unipolar  Induction.     H.  Poincare   1487 

Induction  (Self  and  Mutual). 

Comparing  Self-inductances.     H.  V.  Carpenter    1081 

Measurements,  see  separate  section. 
Insulation  and  Insulators. 

Air-space  Cables,  Insulation  of.     Deflaccllierc  581 

Freezing,  Insulation  by   2487 

Glacier,  Insulation  of  Conductor  on  a.    J.  Janssen  727 

Glass  Insulators.    Quantin '^^S^ 

For  the  Explanation  of  this  Index  see  v-  ^^"ST- 
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Insulation  and  Insulators,  continued. 

High  Tension  Currents,  Protection  from.    W.  B.  Reed  and  L.  C. 

Reed    317 

High  Tension  Lines,  Insulation  for.    C.  Hesse 315 

Indiarubber  for  Cables.    O.  Schaefer 1155 

„  Substitute  for.    W.  F.  Reid 728 

H.L.Terry   1154 

Insulation  Difficulties  due  to  Capacity.     M.  Leblanc  364 

Third  Rails,  Insulators  for 13S4 

Interference. 

Complementary  Interference  Fringes.    O.  Lummer   1632 

Diffraction  in  Optical  Instruments.     K.  Strehl 1009 

Fringes  of  Mixed  Plates.    C.Fabry loio 

Optical  Illusion.    C.  H.  Wind 1647 

l^amps  (Arc)  and  Arc  Lighting. 

Alternate-Current  Arc  Lamps,  Lighting  by.     R.  Fleming 1202 

Arc  Lamps.     H.  Gorges  and  Queisscr 414 

„  G.  Richard 777,  1^62 

Arc  Lighting  without  Regulating  Resistance.    X.  Gossclin    1203 

Bardon  Arc  Lamp.    Aliamet 1604 

"  Belden"  Arc  Lamp yy8 

Bremer  Arc  Lamp.    W.  Wedding 2117 

Combinations  of  Arc  Lamps  of  DifiFcrent  Types.     P.  Girault    1603 

Cost  of  Arc  Lighting.     H.  H.  Wait 1201 

„       Lighting  Arc  Lamps.     W\  M.  Stinc  2350 

Electric  Lamps.    A.  Blondcl 2s6g 

Enclosed  Arc  Lamps.    W.  A.  Turbayne 41^ 

Hackl  Alternate  Current  Arc  Lamp,    de  Lenart 2348 

-  ..        Lacko's  Arc  Lamp    956 

Photometric  Comparison  of  Illuminating  Globes.    R.  B.  Williamson 

and  J.  H.  KHnck    1602 

Photometric  Value  of  Arc  Lamps.    C.  P.  Mathews 2347 

Photometry  of  Arc  Lamps.     E.  P.  Warner    1205 

„  of  the  Alternating  Arc.    A.  Blondel  and  Jigouso    776 

Scientific  Principles  of  Arc  Lighting.     F.  W.  Carter  958 

Series  Arc  Lighting  from  Constant  CuiTent  Transformers.    W.  L. 

Robb    955 

Street  Lighting  with  Arc  Lamps.    A.  L.  Rice 2349 

„  „       by  Open  and  Enclosed  Arcs.     H.  H.  Wait   2346 

„  „       by  Series  Enclosed  Alternating  Arcs.    W.  L.  Robb  2524 

220-volt  Circuits,  Arc  Lamps  on.    W.  Mathiesen 21 18 

250-volt  Supply,  Arc-Lighting  from.    W.  B.  Sayers    2345 

Lamps  (Incandescent). 

Electric  and  Gas  Lamps.    S.  A.  Rumi     419 

„       Lamps.    A.  Blondel 2369 

Gas  Currents  in  Incandescent  Lamps.    J.  Stark   1283 

High-voltage  Lamps 957 

„  „         A.  Werner  and  J.  Hard  wick 2351 

Incandescent  Lamps.     H.  Remane /2/j 

„  „  G.  Richard   I20<) 

„  „  F,  W.  Willcox 1964 

Life  Tests  of  Glow- Lamps.     G.  D.  Shepardson 1206 

Manufacture  of  Bcrrcnbcrg  Lamps 418 

„  „  „        Air-pump  for /p^j/ 

„  of  Glow-Lamps  without  Caps.    J.  A.  Montpellier 21 16 

,,  of  Lamps  in  America.     H.  E.  P.  Cottrell  417 

Ncrnst  Lamps    1210 

Measurements  (excluding  Instruments). 

Absorption,  Electric,  and  Hysteresis,  Measurement  of.  L.  M.  Totts  2212 
Accunmlator  Testing  by  Means  of  a  Third  Electrode.  L.  Jumau  ...  22$j 
Alternate  Current  Measurements.     O.  de  Bast 66S 

For  the  Explanation  oi  \.\v\s»  \tvdcx.  see  p.  1037. 
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Mesu'Sureinents  (excluding  Instruments),  contimied, 

C  Anjgular  Measurement  by  Mirrors.    A.  Schuster  1766 

,-      Bridge,  A  Percentage.     H.  C.  Parker 2244 

CaliDration  of  a  Glass  Tube  and  Compressibility  Coefficients.    G.  A. 

Hulett 1394 

Capacity,  Measurement  of.     R.  Wachsmuth  and  K.  Bergwitz  1298 

Chronograph,  Use  of,  in  Electrical  Measurements.    W.  Marek    2251 

Chronometers,  Microphonic  Record  of.    A.  Bcrget 8 

E.M.F.  of  Polarisation,  Measuring.     E.  Miiller i6g6 

Earth  Resistance  of  Lightning  Conductors.     R.  Nowotny 1682 

E^th's  Density  and  Gravitation  Constant.    A.  Gerschun  442 

„       Magnetic  Field,  Determination  of  Direction  of.    G.  Bongio- 

vanni 1493 

Elongations,  Measurement  of  Small.    G.  Ercolini   i 

Fault  Localisation.    C.  W.  Schaefer    1859 

Fault-Testing  in  Cables.    J.  Garraud  ; 863 

Faults  in  Dynamos,  Determining.    K.  Richtcr 649 

Frequency  of  Alternate  Currents.     H.  V.  Carpenter    180 

„         Measurement  of.     H.  W.  Smith   181 

High-Pressure  Circuits,  Measurements  on.    L.  Schiilcr 648 

Hysteresis,  and  Electric  Absorption,  Measurement  of.    L.  M.  Potts  2212 

Kohlrausch  Bridge  Resistances.     R.  Abegg  i860 

Induction,  Measurement  of,  by  Voltmeter.     H.  N.  Allen    647 

Insulation  Tests.    W.  E.  Ayrton  and  T.  Mather  1296 

Internal    Resistance    of    Accumulators,    Measurement    of.      E.    C. 

Rimington  , 154 

Kilohm,  Absolute  Determination  of.    A.  Guillel    152,  153 

Lag  and  Speed  of  Alternate-Current  Motors.    R.  Secmann 174 

Lens  and   Mirror  in  Magnetometers,  Correction  for  Thickness  of. 

S.  Hlasck    39 

Loop  Test  on  Electric  Light  Cables.     J.  Wright 11^8 

Magnetic  Tests  of  Iron.     H.  Armagnat  14S2 

„  „     of  Sheet  Iron.    J.  Epstein 1688 

Phase-Angle  Measurements.     E.  Place  195 

Phase  Differences,  Measurement  of.     F.  Fontaine  20^2 

Polarisation,  Measurements  of.    F.  Haber 22^6 

Power  Factor  Measurements.    A.  J.  Bowie,  Jr 867 

„      Measurement,  Three  Voltmeter  Method.     F.  Niethammer  ...     157 

„      in  Polyphase  Systems,  Measurement  of.    A.  J.  Bowie,  Jr 308 

Ratio  of  Transformation,  Determination  of.    J.  R.  Bibbins   146 

Refractive  Index,  Determination  of.     E.  Cominotto    1412 

Self-inductances,  Comparing.     H.  V.  Carpenter  1081 

Self-inductions,  Weak,  Measurement  of.    A.  Blondel  51? 

Sound,  Measurement  of.    T.  Cauro 90 

Temperatures,  Extreme,  Measurement  of.     H.  L.  Callendar....; 87 

„  Low,  Measurement  of.    A.  Ladenburg  and  C.  Kriigel    840 

Testing  Weights,  Method  of.    T.  W.  Richards 1769 

„       Meters  and  Instruments.    J.  Sahulka 159 

Transformer,  Differential  Method  for  Testing  a.    S.  E.  Johannesen...     160 

Units  of  Measurement.    W.  Moon  j2 

"  <'  Determination  of.     O.  J.  Lodge  and  R.  T.  Glazebrook 1838 

Vertical  Movements,  Registration  of.     N.  Ach 445 

Wave  Form  of  Alternating  Currents.     H.J.Ryan   187 

Medical  Electricity. 

Alternating  Current  Transformer  for  Medical  Use.    P.  Renaud  2243 

Animal  Electricity.    W.  S.  Hedley 212 

Anode,  Influence  of,  upon  the  Conduction  of  Ner\'c  Impulses  in  Man. 

S.  Leduc 1498 

Cinematoradiography  of  the  Heart.     H.  Guilleminot 1104 

Death  from  Electric  Discharges.    J.  L.  Prevost  and  F.  Battelli 112 

„     by  Electricity.     R.H.Cunningham 661 

For  the  Explanation  of  this  Index  see  v-  ^^Yl- 
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Abstract  N'os. 

Miscellaneous  (Chemical  Physics  and  Electro-Chemistry),  continued. 

Association,  Partial,  of  Liquid  Molecules.    J.  J.  van  Laar  671 

Atmosphere,  Carbonic  Anhydride  of  the.    E.  A.  Letts  and  R.  F.  Blake  1^22 
Atmosphere,  Place  of  the  New  Constituents  in  the  Periodic  System. 

J.  L.  Howe 218 

Atomic  Theory  from  the  Chemical  Standpoint.     H.  N.  Stokes 151 1 

„            „       Objections  to.    F.K.Cameron 1512 

„      Weight  of  the  Metal  in  Radioactive  Chloride  of  Barium. 

Mme.  S.  Curie 63 

Weights  and  that  of  Oxygen.    E.  W.  Morley 1510 

and  Physical  Properties  of  Elements.    T.  Bayley...  875 

„      Properties  of  the  Elements,  and  their.    W.  Sander...  219 
„      Seventh  Annual  Report  of  the  Committee  on.   F.  W. 

Clarke 1509 

Weights  and  Specific  Heats  of  Metals.     W.  A.  Tilden,  with 

Appendix  by  J.  Perry   2182 

Benzene  Bromination,  Chemical  Dynamics  of.     L.  Bruner   1522 

Bromine  and  Iodine  Compounds,  Colour  of,  as  Affected  by  Low 

Temperatures.    J.  H.  Kastle 2271 

Bromine,  Vapour  Density  of,  at  High  Temperatures.    E.  P.  Perman 

and  G.  A.  S.  Atkinson 1518,  1875 

Cadmium,  Colloidal.    G.  Bredig  874 

Calcium  Carbide,  Cost  of ^^^4 

»            „              „        H.Allen  69^ 

„            „             „        F.  Liebetanz  v....  276 

„            „         Industry  at  Merano 278 

„  „         Merits  of  Finely  and  Coarsely  Powdered  Materials 

in  Manufacture  of.     B.  Carlson 693 

„       Carbide  Storage  and  Transfer  of  Energy  by.      E.  Neuberg  11^ 

„            „         Works  in  Austria  aud  Hungary.    Gin 2470 

„      Hydrated  Sulphates  of,  and  Stassfurt  Salt  Deposits.     J.  H. 

van't  Hoff  and  E.  F.^Armstrong   1879 

Carbides,  Formation  of.    A.  A.  Beadle 7725 

Carbon  Disulphide,  Combinations  of,  with  Gases  under  the  Silent 

Discharge.     Berthelot 13 16 

Carbon,  Energy  of,  and  Voltaic  Action.    C.  }.  Reed   241 

Monoxide,  Influence  of  Water  on  the  Combustion  of.     G. 

Martin 1542 

Properties  of,  in  Electrical  Work.     Elihu  Thomson    1739 

Catalytic  Action  and  Hydrolysis  of  Polysaccharides  and  the  Decom- 
position of  Esters.    O.  Sulc    1520 

Catalytic  Action  of  Neutral  Salts.     H.  Euler 11 18 

Chemical  Dynamics  of  Benzene  Bromination.     L.  Bruner    1522 

„        Equilibrium,  see  separate  section. 

Chlorine,  Action  of,  on  Metallic  Silver.    V.  v.  Cordier    2459 

Coagulative  Power  of  Electrolytes.    W.  C.  D.  Whetham   540 

Coal  Analysis 1516 

Colloidal  Matter,  Emission  and  Absorption  of  Water-vapour  by.     P. 

Duhem 1319 

Colloidal  Metals.    A.  Lottermoser    1519 

Crystal  Structure,  Theory  of.     E.  Riecke   1877 

Crystallisation,  Adiabatics  of.    G.  Tammann ro42 

„  and  Change  in  Heterogeneous  Systems,  Velocity  of. 

M.  Wildermann    538 

Crystals,  Cicatrisation  of.    C.  Maurain    1515 

„        Liquid.    O.  Lehmann 1876,  24^2 

„             „         R.  Schenck 2300 

„        Mixed,  of  Mercuric  Bromide  and   Iodide,  Formation  and 

Transformation  of.    W.  Reindcrs 1321 

„        Mixed,  of  Sodium  Nitrate,  Formation  and  Transfer ccv^vtvo^ 

of,  with  Potassium  and  with  Silver  NVtraVe^?..   V.^.VW"5.s\xvV  ...  ^-v^^^ 

For  the  Explanation  of  this  Index  see  v-  ^^Yl- 
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Abstract  No«. 

Miscellaneous  (Chemical  Physics  and  Electro-Chemistry),  continued. 

Molecular  Volumes.    C.  M.  Guldberg 1047 

„         Weight  of  Sulphur  by  the  Ebullioscopic  Method.     L. 

Aronstcin  and  S.  H.  Meihuizen  1117 

Molecules,  Mass  of .     H.  Gerstmann 10 

„         Size  of.    G.  Jager .^ 11 

Narcein,  Thermochemical  Study  of.    E.  Leroy 543 

New  Constituents   of  the  Atmosphere,  Place  of,  in   the    Periodic 

System.    J.  L.  Howe   218 

Nickel  and  Iron,  Alloys  of.    F.  Osmond 532 

Olcfines,    Velocity    of    Formation    of,    from     Aliphatic     Iodides. 

S.  Brussoff 2060 

Osmosis,  see  separate  section. 

Oxygen,  Extraction  of,  from  the  Air.    G.  Claude 2299 

Ozone  by  Electrolysis.    G.  Targetti 890 

„     Formation  of,  by  the  Brush  Discharge.    E.  Warburg    2067 

„     Generator  1127 

„     Production  of.     H.  Bordier  and  Moreau    1330 

Ozonised  Water.    E.  Andreoli 535 

Paraanisaldoximcs.     H.  R.  Carvcth 243 

Passive  State  of  Metals.    W.  Hittorf 2283 

Periodic  System,  New.     K.  Schirmeisen 1514 

Photochemical  Processes,  Reversible.    R.Luther    1113 

Phototropv.    J.  Marckwald   1991 

Physico-chemical  Reaction,  Driving  Energy  of.     T.  W.  Richards  ...  1880 

Pole-systems,  Trigonal.    E.  Riecke 1877 

Polymorphism.    Origin  of  Symmetry  in  Crystals.    F.  Wallerant 225 

Potassium  Chlorate,  Explosion  of.     Berthelot  536 

Potassium-Magnesium  Sulphate.    J.  H.  van't  Hoff  and  N.  Kassatkin  11 14 

Reactions  with  Secondary  Action,  Kinetics  of.     R.  Wegscheider 886 

Saturation-point  of  Solutions,  Electrical  Determination  of.    H.  M. 

Dawson  and  P.  Williams 240 

Saturation  Temperatures,  I>etermination  of.     H.  M.  Dawson  and  P. 

Williams //j^ 

Selenium,  Allotropic  Forms  of.    A.  P.  Saunders  2055 

Silent  Discharge  and  Action  of  Light.    Berthelot    1317 

„  „         Combinations  of    Carbon   Disulphide   with    Gases 

under  the.     Berthelot 1316 

Silica,  Fused,  Permeability  of,  to  Hydrogen.    P.  Villard    2262 

Soap  Solutions,  Froth  of.    D.  H.  Hall 796 

Sodium  Chloride,  Electrolysis  of.     R.  Lorenz  and  H.  Wehrlin 1535 

„        Hydroxide,  Action  of,  on  Benzaldehyde.    C.  Pomeranz 24^*0 

„       Nitrate,  Formation  and  Transformation  of  Mixed  Crystals  of, 

with  Potassium  and  with  Silver  Nitrates.     D.  J.  Hissink    1322 

„       Thiosulphate,  Decomposition  of,  by  Acids.     H.  v.  Oettingen  1525 
Solidification,  Velocity  of,  and  Viscosity  of  Supercooled   Liquids. 

H.  A.  Wilson : 2266 

Solution  and  Solubility,  see  separate  section. 

Solvents,  see  section  Solution. 

Stassfurt  Salt  Deposits  and  Hydrated  Sulphates  of  Calcium.    J.  H. 

van't  Hoff  and  E.F.Armstrong 1879 

„       Salt  Deposits  and  Saruratcd  Solutions  of  Chlorides.     H.  A. 

Wilson 1 1 16 

Styrolenc,  Transformation  of,  by  Light.    G.  Lemoine    227 

Sulphur,  Molecular  Weight  of,  by  the  Ebullioscopic  Method.     L. 

Aronstein  and  S.  H.  Meihuizen 1117 

Thiosulphuric  Acid,  Spontaneous  Decomposition  of.  A.  F.  Holleman  1702 

Tin,  Physico-chemical  Studies  of .     E.Cohen 1517 

„  „  „  E.  Cohen  and  C.  van  Eijk 878 

Transition-point  of  Monotropic-dimorphous  Substances^  Det^twxvcva.- 

tion  of.     R.  Schenck v^^S 

For  the  Explanation  of  this  Index  ^e  v*  ^^'Vl* 
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Abstract  Nor. 

Miscellaneous  (Electricity  and  Magnetism),  continued. 

efm.    S.  Simon 118 

Earth  Currents,  see  section  Terrestrial  Magnetism.- 

Electric  Field,  Moving  Bodies  in.    A.  Heydweiller 102 

„        Progress.     E.J.Houston 214 

Electrically  Heated  Conductors.     H.  Diesselhorst  861 

Electricity  before  Volta.     E.  de  Fodor   213 

Electrification,  sec  section  Static  Electricity. 

Electrocapillary  Functions  of  Aqueous  Solutions.     Gouy  2457 

Electrodynamics,  Law  of .     F.  Kerntler 93 

Electrographs.     E.  Gates   854 

Electromagnetic  Actions,  Hydro-dynamical  Hypothesis  of.    G.  F. 

FitzGerald  849 

Electromagnetic  Fallacy.    E.  Lecher 94 

Mechanism.     R.  A.  Fesscndcn  22^9 

Quantities,  Nature  of.     R.  A.  Fcssenden 1278 

Rotations.    W.  Konig  2232 

Raveau   850 

Theories.     H.  A.  Lorentz    2458 

Theory.    A.  Scheye  848 

P.  S.  Wedell-WedeUsborg 96 

Electromagnets,  Carrying  Strength  of.    Boy  de  la  Tour 1 3 1  o 

Electron  Theory  of  Metals.     P.  Drude ^^2>0f  '276 

„         Weight  of.     R.  v.  Lieben  1834 

Electrons,  Dynamics  of  a  System  of.    J.  Larmor 2250 

Electrophotography.     L.  Fomm  50 

Electrostatics,  sec  section  Static  Electricity. 

Energy  of  Electric  Currents.    A.  Perot  and  A.  Potier 1059 

Evaporation  of  Sodium  in  Air  and  other  Gases,  Electrical  Effects  on. 

W.  C.  Henderson 1282 

Eye,  Diamagnctism  of  the.    J.  Mooser   1313 

Field,  Electric,  sec  Electric  Field. 
„      Magnetic,  see  Magnetic  F'ield. 

Flame,  Electric  Relations  of .     P.  Villard   1855 

Flame-Gases,  Potential  Fall  and  Dissociation  in.     E.  Marx  2465 

„                   „          Gradient  in.     E.  Marx 2442 

Foucault  Currents  due  to  Rapid  Oscillations.    L  KlemenCic 1309 

Frequency  of  an  Alternate  Current,  Doubling  the.    J.  Zenneck  190 

Galvanometer  Needles,  Damping  of.     M.  Solomon 1864 

Galvanometers,  see  also  section  Apparatus. 

Hall  Effect.    G.  Moreau 860 

„              P.  Moretto 2032 

„          in  Gases.     E.Marx 2211 

„          in  Liquids.     L.  Amaduzzi  and  L.  Leone    1850 

Heated  Conductors,  Electrically.     H.  Diesselhorst 861 

High  Frequencies  and  Pressures,  Apparatus  for.     E.  Thomson  168 

Hot-wire    Shunt    Instruments   as    Alternating  Ammeters.      E.   A. 

Wagner  1473 

Hysteresis.    T.  R.  Lyle 192 

Hysteresis  of  Cobalt.    J.  A.  Fleming,  A.  W.  Ash  ton,  and  H.J.  Tom- 

linson 193 

Hysteresis,  Study  of,  with  Braun  Tube.     K.  Angstrom   1095 

Hysteresis,  Time  Increase  of.    A.  H.  Ford    1485 

Hysteretic  Qualities  of  Iron  and  Molecular  Magnetism.      S.  Sheldon  1484 

Indicating  Currents  at  a  Distance.    C.  Michalke  and  O.  Martienssen  2045 
Induction,  see  separate  section. 
Induction  (Self  and  Mutual),  see  separate  section. 

Induction  Coil,  Condenser  in.     K.R.Johnson  1302 

„  „    Current  Produced  in,  by  a  Parabolic  Wave  of  E.M.F. 

A.  Russell    V^^:^ 

„         Coil,  Spark-length  of.     R.  Bcattie -i^^S 

For  the  Explanation  of  this  Index  see  v-  ^^'il* 
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Miscellaneous  (Electricity  and  Magnetism),  continued.    ' 

Induction  Coil,  Theory  of.     H.  Armagnat 7/07 

Instruments,  Descriptions  of,  see  section  Apparatus  and  Instruments. 

Electrical.    W.  E.  Ayrton 516 

Measuring,  Commercial.     £.  S.  Shoults 20^6 

Interrupter,  Electrolytic,  for  Feeble  Currents.    A,  v.  Rzewuski  1087 

„  „  W.  Ziegler 210 

„  Wehnelt.     R.  Fedcrico  and  P.  Baccei 1469 

,,  „  C.  Heinke  162 

„  ,,  G.  Pacher  1064 

„  „  E.  Rothe 161 

„  ,.  E.  Ruhmer •     164 

„  „  with  Alternating  Currents.     B.F.Bailey 22^8 

„  „  „  „  „      G.  T.  Hanchett      ...  2037 

„  „  Circuits.    G.  T.  Hanchett  1863 

„  „  in  the  Primary  of  a  Transformer,  Producing 

Dissymmetrical  Currents  in  the  Secondary.    O.  M.  Corbino....  1106 

Interrupter,  Wehnelt,  Resistance  of.    C.  Heinke....' 2039 

„  „  „  E.  Ruhmer   2040 

„  „        Spectroscopy  of.     E.  Hoppc 2036 

„  „        Transformer  Currents  under.     O.  M.  Corbino  IS07 

Interrupters,  see  also  section  Apparatus  and  Instruments  (Electrical). 

„  Electrol)rtic.     B.F.Bailey 2218 

„  Liquid.     E.  Ruhmer 1471 

„  „        Frequency  of.     E.  Ruhmer 2041 

„  Wehnelt  and  Caldwell.     M.  Lamotte 211 

„  „        Comparison  of.    A.  Turpain  1089 

„  „        in  Parallel.     E.  Ruhmer 2219 

Ionic  Theory  of  Metals.     P.  Drude 1833 

Iron-Aluminium  Alloys,  Magnetic  Properties  of.     S.  W.  Richardson    657 

Iron-Nickel  Alloys.     F.  Osmond  532 

„  „  R.  A.  Hadiield 448 

Kathode  Rays,  see  section  Rays. 

Kohlrausch  Bridge  Resistance.     R.  Abegg i860 

Lichtenberg  Figures,  Powder  for.     K.  Biirker  1062 

„  „        inside  Rontgen  Tubes.     E.  Riecke    859 

Lightning,  see  section  Static  Electricity. 

Loop  Test  on  Electric  Light  Cables.    J.  Wright 158 

Magnet  Steel.     O.  Lang i^fOS 

Magnetic  After-effect.     L.  R.  Laird 524 

„        Deposits  formed  in  a  Magnetic  Field.    C.  Maurain  2235 

„         Equations,  Removal  of  4^  from.     R.  A.  Fessendcn   1279 

„         Field,  Behaviour  of  Fluids  in.     G.  Jager 2234 

„  „       Crystallisation  in.     S.  Meyer    1491 

„  „       Produced  by  Motion  of  an  Electrified  Body.      W 

Cremieu  1666 

„         Field  and  Permeability.     R.  A.  Fessenden  1277 

,,         Fields,  Alternating,   Change   in  Length   of  Soft   Iron  in. 

L.  W.  Austin 1312 

„         Flux,  Distribution  of.     P.  Gasnier 203 

,,         Force,  Change  of  Volume  under.     G.Quincke    1489 

Hysteresis  in  a  Rotating  Body.     A.  Dina 2050 

„         Induction  in  a  Long  Iron  Bar.     C.  G.  Lamb  201 

„/       Observations  near  Electric  Tramways.     T.  Mourcaux 223^ 

„        Observatories  and  Electric  Railways.    J.  Edler 20S 

„  „  „        Tramwa3rs.    v.  Bezold 1091) 

„  „  and  Trolley  Wires.     S.  Wachter 775 

„        Orientation  of  Uniaxal  Crystals.     V.  v.  Lang  1490 

„         Permeability  and  Conductivity  of   Iron   Alloys.     W.   F. 

Barrett,  W.  Brown,  and  R.  A.  Hadfield 1679 

„        Properties  of  the  Elements.    J.  Kocnigsberger 522 

For  the  ExxAanaUon  ol  >lVvvs»  VnA«i.  «»  ^,  vy^i. 
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Miscellaneous  (Electricity  and  Maf^tictism),  coniinucii. 

Magnetic  Properties  of  Iron  and  Alloys  of  Iron,  Effects  of  Tempera- 
ture on.     R.  L.  Wills  2236 

,,'        Properties  of  Iron-Aluminium  Alloys.       S.  W.  Richardson     657 

„  „  of  Iron  at  Low  Temperatures.    G.  Claude  200 

„        Screening.     H.  du  Bois  and  A.  P.  Wills  1483 

„        Shielding.    A.P.Wills 207 

„        Susceptibilities,   Molecular.     H.  du   Bois  and  O.  Liebk- 

necht   iso4,225S 

„  ,,  „  O.  Liebknecht,  A.  P.  Wills,  and 

H.  du  Bois    .4. .4. .....< 523,  869 

„        Susceptibilities,  Molecular.    S.  Meyer  1096 

„  „  „  A.  P.  Wills  and  O.  Liebknecht    198 

„  „  of  Vanadium  and  Samarium.    S.Meyer...  1315 

„        Tests  of  Iron.     H.  Armagnat  ", 1^82 

„  ;,      of  Sheet  Iron.    J.Epstein 1688 

Magnetisation  of  Brickwork  by  Lightning.     P.  Gamba  868 

„  Change  in  the  Size  of  Iron,  Steel,  and  Nickel  by.     H. 

Nagaoka  and  K.  Honda 1097 

Magnetisation,  Plane,  of  Py rrhotine.    P.  Weiss   665 

„  and  Torsional  Eilasticity  of  Rods.    J.  S.  Stevens 1311 

Magnetising  Force,  Sudden    Changes    in.      lE.  Gumlich  and    E. 

Schmidt  i486 

Magnetis.n.    J.  A.  Ewing   199 

C.  Maurain 871 

Action  of  Light  on.    J.  H.  Hart 2049 

Atomic.     R.  Lang  1870 

of  Bricks.    O.  A.  Gage  and  H.  E.  Lawrence    658 

and  Elasticity  of  Rods.      J.  S.  Stevens  and  H.  G.  Dorsey    202 
Molecular,  and  Hystcrctic  Qualities  of  Iron.     S.  Sheldon  1484 

and  Molecular  Rotation.     G.  F.  Fitzgerald 206 

Volume.    S.  Meyer 1314 

Residual,  and  Coercive  Force.-    Colfird.. 22^2 

Subsequent.     D.  Mazzotto 1488 

Terrestrial,  sec  section  Terrestrial  Magnetism. 

and  Thermoelectric  Properties  of  Bismuth  and  its  Alloys. 

G.  Spadavecchia    197 

Magneto-electric  Forces.    C.  Raveau 1453 

„  „        Rotations.    G.  Jaumann , 1481 

„  „  „  W.  de  Nikolaicvc 205 

Magnetometer  Constant.     C.  Chistoni 2227 

Magnets,  Permanent.     H.  Frank 1869 

„  „  and  Temperature  Coefficients.     I.  Klemendiid  1867 

„        Used  in  Determining  the  Earth's  Field.    C.  Chree   660 

Measurements,  see  separate  section. 

Meter,  Batault  Energy,  Tests  of  the.    C.  E.  Guye   725 

Meters,  Alternate  Current 310 

„      Descriptions  of,  see  section  Apparatus  and  Instruments. 

Microphone,  Measurements  on  the.    J.  Cauro  1082 

Network  of  Conductors,  Distribution  of  Currents  and  E.M.F.'s  in. 

L.  Donati    .-.• .• 224g 

Networks,  Transformations  of.    J.  Herzog  and  C.  P.  F'cldmann 1057 

Nickel  and  Iron,  Alloys  of.    F.Osmond 532 

„  „  R.  A.  Hadiield 448 

Ohm's  Law.     R.  Mewes 97 

Oscillographs.    A.  Blondel 167 

Photoelectric  Phenomena.     E.  R.  v.  Schweidlcr 141 

Piezo- Electricity.     F.  Nachtikal  149 

Platinum-clay  Resistance  Material.    W.  C.  Heraeus  175 

Polarisation  (Electric  Waves),  see  separate  section. 
„  (Electrolytic),  see  separate  section. 

For  the  Explanation  of  this  Ind^x  ^^e  \v.  voyj. 
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Abstract  Not. 

Miscellaneous  (General  Physics),  continued. 
Astronomy,  see  separate  section. 

Atmosphere,  Circulation  of.    V.  Bjerknes 1406 

„  Constitution  of,  at  Various  Heights.    G.  Hinrichs    2142 

„  Thermodynamics  of.    W.  v.  Bezold    1407 

Atoms,  Size  of,  and  their  Ionic  Charges.     R.  A.  Fessenden   i^34 

Balance,  Thermal  Deformation  of.    T.  Middel 1395 

Brown's  Molecular  Motions.    F.  M.  Exner    *. 2386 

Capillarity,  see  section  Surface  Tension. 

Chronometers,  Microphonic  Record  of.    A.  Berget 8 

Clearing  and  Mounting  Media,  Refractive  Index  and  Alcohol-Solvent 

Power  of.    C.  E.  M'Clung 2410 

Clebsch's  Theorem.     P.  Saurel 799 

Clouds,  Formation  of,  with  Ozone.    J.  S.  Townsend   22 

Condensation  Nuclei.    C.  T.  R.  Wilson 1025 

Conservation  of  Energy  in  the  Human  Body.     W.  O.  Atwatcr  and 

E.  B.  Rosa 12 

Critical  Constants,  see  section  Critical  Points. 

Crystal,  Directive  Action  of  one  on  another.    J.  H.  Poynting  and 

and  P.  L.  Gray  798 

Crystals,  Motion  of,  in  Solvents.    K.  Schaum 1320 

Curve  PV"  =  C,  Construction  of.    D.  A.  Low    124S 

Deformation,  see  section  Elasticity. 

Densities  of  Saturated  Vapours.     R.  von  Hirsch  16 

Density  of  Gases.     R.  Jahoda    ; 1771 

„        Maximum,  of  Aqueous  Solutions.    L.  C.  de  Coppet 1977 

Desiccation  of  Hydrogen  by  Liquid  Air.     Rayleigh    1978 

Diffusion  of  Argon  through  Rubber  Films.     Rayleigh 1239 

„        of  Gases.     M.  Brillouin 797 

„        Theory  of.     E.  Bose  15 

„  „  O.  Wiedcburg  1240 

„        of  Helium.     F.  G.  Donnan    1624 

„        (Transpiration)  of  Air  through  Water,  and  a  Method  of 

Barometry.    C.  Barus     1774 

„        Velocity  of,  Influence  of  Substances  Containing  a  Common 
Ion    on   the   E.M.F.    of    Concentration   Cells   and    on   the. 

R.I  Abegg  and  E.  Bose 687 

Dust  Nuclei.     C.  Barus 1772 

Earth,  Physical  Life  of .     A.  Klossovsky J4 

Earthquake  of    Balikcsri  (Asia    M.)  of    September    14,    1896.     G. 

Agamennone  806 

Earthquake  in  Emilia,  March  4-5,  1899.     ^-  Agamennone    808 

at  Laziale.     C.  Bassani 27 

in  Lower  Austria,  June  11,  1899.     F.  Noe    2397 

Motion,  Propagation  of.     R.  D.  Oldham 1408 

in  Rome,  July  19,  1899.    P.  Tacchini 807 

in  Sicily  and  Southern  Italy  on  Nov.  16,  1894.    A.  Ricco    453 

Earthquakes  in  Austria  during  1899.     E.  v.  Mojsisovics 239^ 

at  Kremsmiinster.     P.  F.  Schwab 2396 

at  Triest,  March  to  December,  1899.     E.  Mazelle 2398 

in  Upper  Styria  in  April,  1899.     R.  Hoernes 2395 

Earthquake-Sounds.     C.  Davison 454 

Earth's  Crust,  Cooling  of.    J.  Boussinesq    2013 

„       Density  and  Gravitation  Constant.    A.  Gerschun   ±^2 

Effusion,  Relative,  of  Argon,  Helium,  and  other  Gases.    F.  G.  Donnan  1624 

Elasticity,  see  separate  section. 

Energy,  Free,  and  Physico-Chemical  Equilibrium,  General  Equation 

for.     G.  N.Lewis 21 

Energy  Theory.    J.E.Trevor  68 

Ether,  Action  of  Matter  upon.    G.  Sagnac 614 

„      Density  and  Elasticity  of  the.    R.  A.  Fessenden 1233 

For  the  ExplanatVon  ol  V\v\s  \tv^cx.  ^«;  v*  ^^"Vl* 
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Abstract  Nos. 

Miscellaneous  (General  Physics),  continued. 

Ether,  the  Duties  of,  for  Electricity  and  Magnetism.     Kelvin   2 141 

„      and  Matter,  Connection  between.    G.  Sagnac 1232 

„      Problems.    J.  Larmor 2402 

„      Projection  of.     P.  de  Heen   2450 

Expansion,  see  section  Dilatation. 

Experimental  Research.     Elihu  Thomson igSg 

Explosions  in  Air.    W.  Wolff    , 17 

Explosive  Air  Waves,  Propagation  of.     P.  Vieille 4^9 

„        Phenomena,  Discontinuity  in  the  Propagation  of.    P.  V^icille  2387 

„        Waves,  Propagation  of .     H.  le  Chatelier 1983,  1984 

Films,  Durable.     R.  Malagoli 1979 

Flame,  Acetylene,  Temperature  of      E.  L.  Nichols 1625 

Flames,  Temperature  Gradient  in.     H.  Mache "2186 

Flight,  Mechanical  Principles  of.     Rayleigh  1244 

Friction,  Internal,  of  Water.     G.  Pacher    1242 

Gravity,  see  separate  section. 

Hardness  of  Elements.    J.  R.  Rydberg  1623 

Hydrodynamics  and  Hertzian  Mechanics.     R.  Reiff   800 

Hydrogen,  Desiccation  of,  by  Liquid  Air.     Rayleigh  1978 

Impact.    J.  H.  Vincent   238^ 

Iron  and  Nickel,  Alloys  of.     R.  A.  Hadfield   440 

M               „             „             F.Osmond 532 

Irreversible  Processes.    S.  H.  Burbury  1400 

Kilogramme,  Standard.    M.  Thiesen   444 

Kinetic  Energy,  Law  of  Partition  of.     Rayleigh  and  S.  H.  Burbury  991 

Lake  Levels  and  Wind  Phenomena.    A.J.Henry  2137 

Layers,  Transition,  and  Molecular  Action.    G.  Quincke 1778 

„                „          Superficial,  Thickness  of.     G.Vincent 1777 

Lissajous  Curves,  Stereoscopic.    M.  Dechevrens 2134 

Matter,  Life  of.    C.  E.  Guillaume 1404 

Measurements,  see  separate  section. 

Mechanical  Energy,  Flux  of.    V.  Volterra 992 

Mechanics,  Hertzian,  and  Hydrodynamics.     R.  Reiff 800 

Meteorology,  &c.,  see  separate  section. 

Minerals  and  Pseudomorphs  from  Malfidano  (Sardinia).  F.  Millosevich  1309 

Molecular  Motions,  Brown's.     F.  M.  Exner  2386 

Molecules,  Mass  of.     H.  Gerstmann 10 

„          Size  of .    G.  Jager 11 

Motion  Produced  in  an  Infinite  Elastic  Solid,  by  the  Motion  through 
the  Space  occupied  by  it  of  a  Body  acting  on  it  only  by 

Attraction  or  Repulsion.     Kelvin 2140 

Nickel  and  Iron,  Alloys  of.    R.  A.  Hadfield  448 

„               „             „           F.Osmond 532 

„     Steel,  Physical   Properties  of.     W.   H.  W^arren  and  S.   H. 

Barraclough   447 

Nickel-Steels,  Variations  of.    C.  E.  Guillaume  461 

Observable  Phenomena,  Range  of.    G.J.  Stoney : 993 

Optical  Problems.    C.Godfrey 820 

Oscillations,  Mechanical,  of  Electrically  Luminous  Wires.    O.  V^iol...  2210 

Osmotic  Pressure,  Decrease  of,  by  Ion-charges.    V.  v.  Turin   2284 

Ozone,  Formation  of  Clouds  with.    J.  S.  Townsend 22 

Pendulum,  Elastic  Deformations  of.    E.  Almansi 30 

Phototropy.    J.  Marckwald    1991 

Physical  Properties  and  Atomic  Weights  of  the  Elements.    T.  Bayley    875 

Physical  Tables .'.  2403 

Pressure  and  Evaporation.     E.  H.  Hall 484 

„       Fundamental  Theories  of.     L.  Boltzmann 1401 

Projectiles,  Air-Resistance  to.    R.  Emden 19 

„  Resistance  of  Air  to.     P.  Vieille ^3^^ 

Reichsanstalt,  Physikalisch-Technischc,  Antv\ML\  Re^xX.  oV    '^-^'Vb 

For  the  Explanation  of  tVus  Index,  se^  ^«  '^^'Vl- 
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Abstract  Nos. 

Miscellaneous  (Heat). 

Atomic  Heat,  Law  of.    S.  Meyer 1434 

Boiling-Points,  see  section  Freezing-Points. 

Carbonic  Acid,  Solid.     H.  du  Bois  and  A.  P.  Wills 74 

Colours  of  Heated  Steel  Corresponding  to  Different  Degrees  of  Tem- 
perature.    M.  White  and  F*.  W.  Taylor   639 

Conductivity  (Thermal),  see  separate  section. 

Convection  Movements.     H.  Benard   1815 

Critical  Points  and  Constants,  see  separate  section. 

Crystallisation,  Adiabatics  of .     G.  Tammann 1042 

Diffusivities,  Thermal,  of  Marble.     B.  O.  Peirce  and  R.  W.  Willson  2429 
Dilatation,  see  separate  section. 

Earth,  Heat-conduction  within.    J.  Schubert 2431 

Earth's  Crust,  Cooling  of.    J.  Boussinesq    2013 

Electrothermal  Relations.     F.  Kohlrausch 136 

Evaporation,  Change  of  Density  on.     Mathias  , 1440 

„  and  Pressure.     E.  H.  Hall 484 

„  in  Tubes,  Influence  of  Velocity  on.     G.  Halliday 704 

Expansion,  see  section  Dilatation. 

Flames,  Temperature  Gradient  in.     H.  Mache 2186 

Freezing  and  Boiling  Water  Simultaneously.     R.  W.  Quick 82 

Freezing-,  Melting-,  and  Boiling- Points,  see  separate  section. 

Fusion  of  Rubidium.     M.  Eckardt   1270 

Gases  and  Vapours,  see  separate  section. 

Heat  and  Molecular  Motion.     Holzmiiller 24^^ 

Latent  Heat,  see  section  Specific  Heat. 

Liquefaction  of  Gaseous  Mixtures.     F.  Caubet 843 

Measurements,  see  separate  section. 
Melting- Points,  see  section  Freezing-Points. 

Molecular  Volumes.    C.  M.  Guldberg 1047 

Muscular  Cooling,  Thermodynamic  Theory  of.     Broca 1448 

Nickel-Steels,  Variations  of.    C.  E»  Guillaume  461 

Pressure  and  Evaporation.     E.  H.  Hall 484 

Problem  in  the  Theory  of  Heat,  proposed  by  F.  Kohlrausch.    W. 

Voigt    2194 

Radiation  of  a  Black  Body.     M.  Thiesen    1996 

„  „  ,,  O.  Lummer  and  E.  Pringsheim  ...1044,  2430 

„  „  „  F.  Paschen    1266 

„  „  „  H.  Wanner   1416 

„         Complete,  The  Law  of.     Rayleigh 1790 

„         and  Conduction  in  Gases.     M.  S.  R.  v.  Smolan  84 

„  Heating  by.    J.  Boussinesq 1820,2012 

„         Maximum  of.     F.  W.  Very  ^ 46 

„         Thermal,  in  Absolute  Measure.    J.  T.  Bottomley  and  J.  C. 

Beattie f 1818 

Radiator,  Perfect.     W^  E.  Wilson    73 

Reichsanstalt,  Physikalisch-Technische,  Annual  Report  of 2133 

Solid  State,  Limits  of  the,  Part  IV.    G.  Tammann   1659 

Specific  Heat,  see  section  Specific  Heat. 

Steel,  Heated,  Colours  of,  Corresponding  to  Different   Degrees  of 

Temperature.     M.  White  and  F.  W.  Taylor  639 

Temperature,  see  separate  section. 

Temperatures  (High  and  Low),  see  separate  section. 

Thermodynamics,  see  separate  section. 

Thermography.     R.  E.  Liesegang    1816 

Thermometer,  Constant  Volume  Gas,  Theory  of.     J.  Rose-Innes 2432 

Gas,  for  High  Temperatures.     L.  Holborn  and  A.  L. 

Day  86 

Platinum  Gas-.     L.  Holborn  and  A.  Day 2003 

Thermometers,  Platinum  and  Gas,  Comparison  of.    J.  A.  Harker  aad 

P.  Chappuis ty>n>^^>^ 

For  the  JBxplanation  of  this  Index  se^t  p.  ^o'Kl- 
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Abstract  Nos. 

Miscellaneous  (Heat),  continued, 

Thermometric  Standard,  Practical.     H.  L.  Callendar 85 

Thermometry,  Absolute  Mercurial.    S.  A.  Sworn  and  A.  Schuster  ...  1039 

„             Platinum.    C.  Ravcau  1040 

Thermostats  of  Precision,  Automatic.     £.  Bose    iqai 

Unit,  Thermal.     E.  Warburg 1661 

Vapour  Pressure,  sec  separate  section. 
Miscellaneous  (Light). 

Aberration,  Spherical,  in  Objectives.     W.  Harkness    1633 

Absorption,  sec  separate  section. 

Binocular  Magnifying-Glass.     E.  Bcrger 2iyi 

Black  Bodies,  Photometry  of.     H.  Wanner   1416 

Brightness  and  Temperature.    O.  Lummer  and  F.  Kurlbaum  2407 

Clearing  and  Mounting  Media,  Refractive  Index  and  Alcohol-Solvent 

Power  of .    C.  E.  M'Clung  2410 

Coelostat  and  Siderostat.    A.  Fowler   2i4g 

Collimator,  Focussing.    G.  Lippmann     38 

Contrast  Phenomena,  Spectroscopy  of.    G.  J.  Burch  469 

Crookes  Tubes,  see  Tubes,  Crookes  (section  Discharge). 
Diffraction,  see  section  Interference. 
Dispersion,  see  separate  section. 
Fluorescence,  see  section  Phosphorescence. 

Fluorspar,  Remnant  Rays  of .     H.  Rubens 47 

Focussing  a  Collimator.    G.  Lippmann  38 

Glass  Drops,  Strain  in.     K.  Mack  37 

„     and  Rontgen  Rays.     O.  Schott   58 

HeHostat  and  Siderostat.     M.  A.  Cornu    1032 

Incandescent  Solids,  Temperatures  of.  O.  Lummer  and  E.  Pringsheim  1045 
Index  of  Reflection,  see  section  Reflection. 
„        Refraction,  see  section  Refraction. 
Interference,  see  separate  section. 
Kathode  Rays,  see  section  Rays. 

Kirchhoff's  Law  and  Electrically  Glowing  Gases.     M.  Cantor 1012 

„                   „                   „                   „             E.  Pringsheim  ...  1417 
Lens  and  Mirror  in  Magnetometers,  Correction  for  Thickness  of. 

S.  Hiasck 39 

Lenses,  Formula3  Connected  with.     T.  H.  BJakesley  21^0 

„              „         for.     L.  Pfaundler    1635 

B.  Wanach  2i}s 

„        Obliquely-Crossed,  Cylindrical.     S.  P.  Thompson 1414 

Light,  Action  of,  on  Magnetism.    J.  H.  Hart 2049 

„      Alteration  of  Properties  of  Metals  by.     H.  Buisson 1630 

„      Cold  Physiological.     R.  Dubois    2411 

„      Electromagnetic  Theory  of.    A.  McAulay looi 

Ligiit,  Propagation  of.     J.  Boussinesq 622 

„                „                   G.  Sagnac    126^ 

„                „                 through  Absorptive  Media.     Sagnac  1411 

„        Wave  Theory  of.     A.  Cornu 2i^y 

,,        White,  Nature  of.     E.  Carvallo  817,  1250 

„             n             y,            Gouy 819 

„              „        and  Rontgen  Rays.     E.  Carvallo 818 

Luminous  Motion  and  Fourier's  Formula?.     Gouy  1418 

„          Vibrations,  Decomposition  of.     C.  Fabry   816 

„                  „          Propagation  of,  through  Matter.    G.  Sagnac...  48 
Magnetometers,  Correction  for  Thickness  of  Lens  and  Mirror  in.     S. 

Hlasek 39 

Measurements,  see  separate  section. 

Microscope,  Theory  of.     K.  Strehl    7(555 

Monochromatic  Light,  Sources  of.     C.  Fabry  and  A.  Perot  2152 

Objective,  Photographic,  Local  Surfaces  in.     H.  Harting  2414 

,,          Three  Lens,  for  Telescope  or  Microscope.     H.  Harting...  242 j 


For  the  Explanatiotv  ol  Wvv;*  \w^tY.  ^^  v«  ^^^1- 
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Abstract  Nos. 

Miscellaneous  (Light),  continued. 

Optical  Illusions.    A.  Wyczolkowska  1631 

Phosphorescence  and  Fluorescence,  see  separate  section. 

Photography,  see  separate  section. 

Photometry,  see  separate  section. 

Phototropy.    J.  Marckwald   1991 

Polarisation,  sec  separate  section. 

Prisms,  Anisotropic.    C.  Viola 1634 

Radiation  of  a  Black  Body.     M.  Thiesen   19Q6 

„  „  O.  Lummer  and  E.  Pringsheim  ,..1044,2430 

„  „  F.  Paschen    1266 

„  „  H.  Wanner    1416 

„        Complete,  the  Law  of .    Rayleigh   1790 

„        Heating  by.    J.  Boussinesq 1820,2012 

„        Maximum  of.     F.  W.  Very  46 

„        Thermal,  in  Absolute  Measure.     J.  T.  Bottomley  and  J.  C. 
Bcattie 1818 

Radiator,  Perfect.    W.  E.  Wilson    73 

Rays,  see  separate  section. 

Reflection,  see  separate  section. 

Refraction,  see  separate  section. 

Reichsanstalt,  Physikalisch-Technische,  Annual  Report  of    2133 

Renmant  Rays  of  Fluorspar.     H.  Rubens 47 

Rontgen  Rays,  see  section  Rays. 

Rotatory  Polarisation,  see  section  Polarisation, 

Scintillation  and  Atmospheric  Currents.     K.  Exner 2408 

Siderostat  and  Coelostat.    A.  Fowler 2i4g 

„        and  Heliostat.    M.  A.  Cornu  1032 

Silkworms,  Action  of  Coloured  Light  on.    C.  Flammarion 51 

Spectra,  see  separate  section. 

Spectrograph,  Mills,  Temperature  Control  of.    'W,  W.  Campbell    ...  1785 

Spectroscope,  Echelon.    A.  A.  Michelson 1429 

Speculum  Metals.     L.  Mach  and  V.Schumann 67 

Styrolene,  Transformation  of,  by  Light.    G.  Lemoine 227 

Surfaces,  Optical,  Working  of .     P.  Gautier    40  — 

Telescope,  Paris  Exhibition   810 

„  y,  ,,  J.  N.  Lockyer 1005 

Telescopes,  Optical  Constants  of.     H.  Kcllncr  1030 

„  Photographic,  Adjusting.    G.  Meslin    , 1006 

Telescopic  Vision,  Intensity  of.    A.  Gleichen 1031 

Temperature  Control  of  the  Mills  Spectrograph.      W.  W.  Campbell  1785 

Thermography.    R.  E.  Liesegang 1816 

Transparency,  see  section  Absorption. 

Waves,  see  separate  section. 

Welsbach  Mantle,  Theory  of.    W.  Nernst  and  E.  Bose 1640 

X-Rays,  see  section  Rays. 

Zecman  Effect  and  Radiation  in  a  Magnetic  Field,  see  separate  section. 
Miscellaneous  (Power  Transmission,  Traction,  and  Lighting). 

Accessories,  see  separate  section. 

Accumulators,  see  section  Batteries. 

Battery  Regulation   1211 

Buildings  for  Electricity  Works,  Design  of.    A.  Roberts   1161 

Cables,  see  separate  section. 

Canal  Haulage,  EHectric 211^ 

G.  Klingenberg 328 

Cars,  see  Traction. 

Central  Electric  Supply  Company i6og 

Central  Station  Buildings.    C.  S.  Peach 13$^; 

Coal  Consumption  in  Steam  Power  Plants.    A.  della  Riccia 15^ 

Coal,  Distribution  of  the  Elnergy  of,  in  Electric  Traction.    A.  B. 

Herrick ^n\ 

For  the  Explanation  of  this  Index  see  v-  '^^'ST- 
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Abstract  Not. 

Motors,  continued. 

Induction  Motors.    C.  A.  Carus-Wilson 3^7 

W.  A.  Layman 1361 

„        Alternating  Current.    A.  C.  Eborall  1937 

„        Design  of.    J.  Fischer- Hi nnen    2323 

Friction  Losses  in.    F.^lanc 1362 

~ ~  349 

(Heyland).    A.  C.  Eborall    348,  1937 

Magnetic  Leakage  of.    M.  Breslauer 1364 

„        Single  Phase.    C.  P.  Steinmetz  2496 

Starting  Resistances  for.     F.  Niethamraer  319 

Testing.     M.  Breslauer 1939 

Heyland 2322 

„        Theory  of .    J.  Heubach   1179 
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„  „        Frictional  Losses  in.    R.  Braun 
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„  „  M  Heyland 1181 

„  „        with  Large  Starting  Torque.     M.Deri 2320 
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Regulation  of  Motors.    A.  D.  Adams  1572 

L.  B.  Mather  1573 

Driving  Printing  Presses.    T.  a'Becket  1574 

„         for  Printing  Presses 1747 

and  Starti  ng  of  Motors.    C.  F.  Guilber t  j5<9,  75^^ 

Synchronous  Motors,  Effect  of  Line  on  Working  of.    F.  Eichberg...  1943 
„  „  „        Transmission  Line  on  Behaviour  of. 

F.  Eichberg    2107 

Oil  Engines. 

Acetylene  and  Alcohol  for  Motors.     P.  M.  Heldt 2082 

„  Gasoline  „  L.  Berger 2083 

Air-cooled  Motors 1142 

Bennett  and  Thomas  Petrol  Motor  567 

Carburettor,  Lepape 296 

„  Longuemare  (Heavy  Oil) 1144 

Carburettors 900 

Dawson  Oil  Engine 1731 

Estcourt  Water  Cooler 1736 

French  Motor  Trials 901 

Gobron  Petrol  Motor   1909 

Griffin's  Oil  Launch  Engine   562 

Secor's  Kerosene  Motor  564 

Smith's  System  for  Gas  and  Oil  Engines 204 

Valves  of  Internal  Combustion  Engines.    J.  D.  Roots     2080 

Winton  Petroleum  Spirit  Motor  Car .- 1734 

Oscillations  and  Waves  (Electric),  see  also  sections  Rays,  Resonance, 
and  Discharge. 
Alternating  Currents  of  High  Frequency.    W.  G.  Ro3ral- Dawson    ...     216 

Coherer  Action.    J.  Harden  1462 

„  K.  MalagoH 127 

„      Currents,  Measurement  of.    A.  Trowbridge  126 

„      A  New.    Jagadindu  Ray 2034 

„      Phenomena.    F.  Campanile  and  G.  di  Ciommo 1464 

„      Repeater.     G.  Dary 125 

„      Theory  of.     K.  E.  Guthe  and  A.  Trowbridge 2209 

Coherers,  se/i  also  section  Miscellaneous  (Electricity  and  Magnetism). 

„  E.  Branly 2028 

„        Hertzian  Waves  and.    A.  Gilardi 128 

„       Maximum  Sensitiveness  of.    A.  Blondel  and  G.  Dobkevitch  1465 

De-coherence  of  Carbon.    T.  Tommasina 1295 

Dispersion  of  Ice,  Electromagnetic.    C.  Gutton   1461 

Electric  "  Touch  "  of  Chemical  Elements,  Periodicity  in.    J.  C.  Bose  2452 

„  „        and  Electric  Waves.    J.  C.  Bose 2453 

,     Interrupter,  Wehnelt.    G.  Pacher v^\ 

t-     Opacity.    O.Lodge ^'^^ 

For  the  Explanation  of  this  Index  see  p.  lo-x^. 
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1082  SUBJECT  INDEX. 

Abstract  No*. 

Oscillations  and  Waves  (Electric)  see  also  sections  Rays,  Resonance, 
and  Discharge,  continued. 

Oscillations,  Electric,  in  a  Free  Wire.     M .  Abraham  1460 

Electric,  Propagation  of.    A.  Turpain 123 

Electrostatic,  and  Inductance.     P.  de  Heen    2019 

„             Transparency  of  Liquids  to.    A.  de  Heen  1676 

round  a  Hertzian  Oscillator.     K.  Pearson  and  A.  Lee  ...  ^0 

Tcsla,  and  Vapours.     Kauffmann  122 

Oscillator,  Righi,  Effect  ot  Feelers  attached  to.    A.  Lindeniann  1849 

Photochemical  Effects  by  Wires  Radiating  from  Hertzian  Oscillators. 

T.  Tommasina   1675 

Radiations  from  an  Electrified  Point.    S.  Leduc  491 

Wave  Detectors.  Vacuum  Tubes  as.    A.  Righi 129 

„      Receiver,  Hertz.     F.  J.  Jervis-Smith 1078 

Waves,  Electric,  Energy  of  Streams  of.    C.  Heinke 1677 

Radio-Micrometer  for.    G.W.Pierce  1848 

Transference  of.     M.  G.  Gutton 124 

Velocity  of.    C.  Gutton 1077 

„            in  Bitumen.    C.  Gutton  1293 

in  Wires,  Theory  of.    G.  Mie 2027 

Electromagnetic  and  Diffraction.    A.  Lampa 245 1 

„        Hertzian,  Absorption  of.     E.  Branly 121 

Osmosis. 

Osmotic  Pressure  of  Concentrated  Solutions.     T.  Ewan 674 

„  „       Decrease  of,  by  Ion  Charges.     V.  v.  Ziirin 2204 

Phosphorescence  and  Fluorescence. 

Fluorescence  and  Constitution.    J.  T.  Hewitt    834 

„  Electric,  of  Nitrogen.     P.  Lewis  2000 

„  in  Solids.     I.  Schincaglia    471 

Fluorescent  Screens.    J.  Precht 833 

„  „        Manganese  in.    J.  R.  Mourclo 832 

Phosphorescence,    Influence   of    Incandescent    Bodies  on.     K.     v. 

Wesendonck  1842 

Phosphorescence  at  Low  Temperatures.     C.  C.  Trowbridge 66 

„  of  Phosphorus  Pentoxide.  H .  Kbert  and  B.  Hoffmann  2001 

Phosphorescence  and  Temperature.     G.  le  Bon   1264 

Phosphorescent  Sulphides.     F.  E.  Kester  474 

Quinine,  Fluorescence  of.    G.  C.  Schmidt 2169 

Radium,  Phosphorescence  Produced  by.     H.  Becquerel    63a 

Rontgen  Tubes,  Phosphorescence  of.     S.  Leduc 472 

Photography. 

Bromide  of  Silver  Gelatine,  Law  of  Reciprocity  for.      K.  Schwarz- 

schild    815 

Colour  Photography.     W.  de  W.  Abney ^ 

J.  W.  Hinchley.'. 16SS 

L  Vidal 621 

Lippmann's.     O.Wiener 49 

Electrographs.     E.  Gates    854 

Electrophotography.     L.  Fomm 50 

„  F.  E.  Nipher 2155 

Grating  Films  and  Colour  Photography.     T.  Thorp 2179 

Instantaneous  Photography.     G.  Sigriste 813 

Lightning  and  the  Clayden  Effect.     R.  W.  Wood    ^  503 

Flash,  Multiple.    A.  E.  Kennelly    ji^,4   504 

Flashes,  Dark.     W.  J.  S.  Lockycr •••*•.,    500 

„         Multiple  and  Dark.     E.Thomson 505 

Photochemical  Processes,  Reversible.     R.  Luther Iilj 

Photographic  Action  by  Rontgen  Rays,  see  section  R;iys. 

„  Image  in  Stratihed  State.     A.  Trillat  8u 

„  Intensities,  Measurement  of.     E.  C.  Pickering 2156 

Sensitometry  of  Pholographic  Plates.    J.  M.  P^der    2157 

For  the  E,xp\aTia\\OTv  o^  W\\s  \\\<\v:^.  sc^  v-  ^^Ti- 
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Abstract  N't>s. 

Photometry. 

Acetylene,  Photometry  of.     L.  VV.  Hartman  43 

Arc  Lamps,  Photometric  Value  of.    C.  P.  Mathews 2347 

„  Photometry  of.    F.W.Carter 2153 

M  „  F.  Laporte 44 

„    Photometry  of  the.    E.  W.  L.  Richter    45 

Black  Bodies,  Photometry  of.     H.  Wanner   1416 

Electric  Incandescent  Lamps,  Photometry  of.     E.  Liebenthal 480 

„         Light,  Spectrophotometry  of.    F.  Gaud 42 

Measurements,  see  separate  section. 

Photometer,  Colour.     F.  F.  Martens    1645 

Lummer-Brodhun.    C.  G.  Knott   481 

O.  Lummer  and  E.  Brodhun  21^4 

Polarisation.    F.  F.  Martens  623 

„  Portable,  for  Incandescent  Lamps.    A.  J.  Rowland 466 

„  Prism.    F.  F.  Martens 1008 

„  for  Spherical  Candle  Power.     R.  Ulbricht 2154 

Spectro-photometer.    D.  B.  Brace   41 

„  Konig.     F.  F.  Martens 1007 

Spectro-photometry,  Calibration  of  Slit  in.     E.  V.  Capps   811 

Spherical  Candle- Power,  Photometer  for.    R.  Ulbricht 2154 

Standards  of  Light.    S.  E.  Doane ^67 

„  „  J.  E.  Petavel   1629 

Polarisation  (Electrolytic). 

Copper  Voltameter,  Polarisation  and  Resistance  of  the.   B.  E.  Moore  1086 
Polarisation  (Light,  including  Magnetic  Rotation). 

Achromatic  Polarisation  and  Differential  Double  Refraction.     D.  B. 

Brace  55 

Camphor  Derivatives.     A.  Haller  and  P.  T.  Muller 618 

Electromagnetic  Rotation.    J.  Forchheimer 1992 

Faraday  Effect,  Anomalous  Dispersion  in.    A.  Schmauss  1791 

„  „       Duration  of.     H.  Abraham  and  J.  Lemoine 1251 

Hexamethylene,  Chloro-  and   Dichloro-Hexamethylcne,   Refraction 

and  Magnetic  Rotation  of.    S.  Young  and  E.  C.  Fortey 2181 

Kerr  Effect.     F.  J.  Micheli 1015 

Magneto-Optic  Rotation.    A.  Gray  ^/S 

„  „  J.  Larmor  821 

Optical  Activity,  Conditions  of  Stability  of.    J.  A.  Le  Bel  1642 

„        Isomerides,  Solidification  and  Transformation  of  Mixtures  of. 

J.  H.  Adriani  1700 

Polarisation  in  Twisted  Media.    A.  W.  Ewcll  52 

Polarised  Light,  Phenomena  of.    N.  Umdw 1641 

Rotatory  Power  and  Pressure.     L.  H.  Sicrtsema 624 

„  „       of  Valeric  Acid.     P.  A.  Guye  and  E.  Aston 10 14 

Rotatory  Powers  of  Aromatic  Hydrocarbons  and  Refractive  Powers 

ol  Mixtures.    W.  H.  Perkin   809 

Strain  in  Glass  Drops.    K.  Mack  37 

Sugur,  Specific  Rotation  of.    O.  Schonrock    1788 

Power  Transmission  and  Distribution. 

,         Alternate  Current  Distribution.     H.  A.  Wagner    421 

1tijj/k  f,  t,        Mains,  Drop  in.     L.  Fleischmann   1606 

K^k   -  „  „        Networks,  Distribution  in.     C.  P.  Feldmann  and 

^^^  J.  Herzog    362 

^^H      Alternate  Current  Supply,  Losses  in.     H.  Boot 2106 

„  „        Wires,  Drop  in.     C.  P.  Poole    594 

Aluminium  Wires  and  Poh'phase  Transmission.     F.  A.  C.  Perrine 

and  F.  G.  Baum '.; 2325 

Balancers  for  Three- wire  Systems.     F.  S.  Hickok    1752 

Batteries  and  Boosters,  Use  of.     P.  Girault    370 

Cable  Breakdowns.    G.  Kapp 7^^>  ^V^^ 

^bles  and  Conductors,  see  separate  section. 

For  the  Explanation  of  this  Index  ^e  v»  '•^^V?- 
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Abstract  Nos. 

Rays,  continued, 

Becquered  Rays,  Curvature  of .     R.  J.  Strutt 1258 

Deflection  of.    F.  Giesel    61 

Magnetic  Deflection  of.     H.  Becquerel 629,  630 

P.  Curie  830 

H.  Rubens  and  E.  Asch- 

kinass  1097 

Becquerel  Rays,  Penetration  of.     Mine.  S.  Curie 831 

„        Radioactivity  from.    P.  Curie  and  Mme.  M.  P.  Curie      62 

and  Spark-gaps.    J.  Elster  and  H.  Geitel 60 

and  Rontgen  Rays.     F.  Himstedt 2422 

Fluorescence  of .    P.  Bar>'  1256 

Canal  and  Kathode  Rays,  Spectra  of.    A.  Wiillner  ia2I 

De-ionisation  of  Air.     E.  Villari    1803 

elm,    S.  Simon  118 

Ether,  Projection  of.     P.  de  Heen   2450 

Fluorescent  Screens.    T.  Precht    833 

„  „        Manganese  in.    J.  R.  Mourelo    832 

Glow-li^ht,  High-frequency.     H.  Ebcrt 119 

Ions,  Diffusion  of  into  Gases.    T.  S.  Townsend 59 

Kathode  and  Anode  Rays.    A.  Battelli  and  L.  Magri no 

„        Ray  Colouration  of  Fluorspar.    W.  B.  v.  Czudnochowski...  2208 

„     Tube,  Braun's,  Use  of.     L.  Kallir 1458 

„        Rays.     E.  Merritt 2247 

„    and  Deviable  Radium  Rays.     P.  V^illard 1844 

Dispersion  of,  by  Magnetic  Force.     R.  J.  Strutt 494 

„    Electrostatic  Deflection  of.    A.  Heydweiller   1457 

„    Emission  of,  at  Zero  Potential.    C.  E.  S.  Phillips   2445 

„  „    Energy  of.    W.  Cady 495 
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„  „    Heat  due  to.     P.  Villard 1843 

„  „    Mechanical  Effects  of.     H.Starke 2446 
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„    Production  of,  by  Ultra-violet  Light.     P.  Lenard    1845 

„    Reflection  of.     H.  Starke  2^47 

„    Transient  Deflection  of.     P.  Villard   1074 

„    Velocity  of.     E.  Wiechert 117 

Velocity  of,  and  Electrolytic  Conductivity  of  Gases. 

A.  Battelli  and  A.  Stefanini 1075 

Optical  Illusion.     C.  H.  Wind  1647 

Radio-active  Barium.     B.  v.  Lengyel  1650 

„  Bodies.     M.  and  Mme.  Curie 1257 

„  „      Radiations  of.     M.  and  Mme.  Curie  1802 

Chloride  of  Barium,  Atomic  Weight  of  the  Metal  in. 

Mme.  S.  Curie 63 

Radio-active  Element.    A.  Debierne   473 

„  Substance.    A.  Debierne 1427 

Radio-activity  in  Barium  Salts.    A.  Debierne    2168 

„  Induced.    E.  Rutherford 126^ 

„  of  Ultra-violet  Light     P.  Lenard  1028 

Radiographic  Stereometer.    T.  Marie  and  H.  Ribaut 1^4 

Radiography  with  Three- Phase  Currents.     Delezinicr    020 

Radium-barium  Salts.     F.  Giesel 1998 

Radium,  Phosphorescence  Produced  by.     H.  Becquerel  632 

„         and  Polonium  Rays.    S.  Meyer  and  E.  R.  v.  Schweidler  ...  1805 

Radiation  at  Low  Temperatures.    O.  Behrendsen 18 10 

Radiations.     H.  Becquerel 1261,  1807,  1808,  1809 

in  a  Magnetic  Field.     H.  Becquerel 1260 

Phosphorescence  under.     H.  Becquerel  1259 

Rays.     E.  Dorn 1^26 

„       Absorption  of.    S.  Meyer  and  E.  R.  v.  Schweidler  ...  1006 

Dual  Nature  of.     P.  Villard  1648 

„       Electric  Charge  of.     P.  Curie  and  Mn\<i.  P.CwVvi    ...  ^ifoi._ 
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Rays,  conlinued. 

Radium  Rays  in  the  Electric  Field.     E.  Dorn  1999 

„  ,,       Transparency  of  Aluminium  to.     H.  Becquerel  1649 

Rontgen  and  Becquerel  Rays.     F.  Himstedt 2422 

„  „  „      "     Fluorescence  of.     P.  Bary 1256 

„         Radiations,  Duration  of.     H.  Brunhes 1801 

„         Ray  Photometry.     H.  Boas  1026 

„         Ravs,  Absorption  of.     Blythswood  and  E.  W.  Marchant  ...    827 

E.  A.  W.Henley 1027 

Chemical  Action  of.     P.  Villard   627 

and  Condensation  Nuclei.    C.  T.  R.  Wilson 1025 

„      Diffraction  of.    A.  Sommerfeld 1798 

C.  H.  Wind 57»  64 

Diffusion  of,  through  Solids.     H.  Dufour  1799 

„      Discharge  by.     F.  Campanile  and  G.  di  Ciomme 2167 

„  "      S.  Guggenheimer 1024 

Electric  Charge  of.     PTCurie  and  G.  Sagnac    IA22 

and  Evaporation.     E.  Pasquini looo 

and  Glass.    O.  Schott  58 

„       Influence  of  upon  Selenium.     Pcrreau 628 

„      Measurement  of  the  Penetrating  Power  of.  A.  Beclere  1 105 

Motions  Produced  by.     L.  Graetz 1423 

Photography  by.     T.  Guilloz 1433 

Production  of.    A.  Winkelmann  2421 

by  a  Battery  Current.      J.  Trowbridge  1797 

do  they  Promote  Cooling  ?    A.  Amcrio  1033 

„      Secondary.    J.  S.  Townsend 1804 

Velocity  of .     B.  Brunhes    S28 

Velocity  of  Ions  Produced  by.    J.  Zeleny  2420 

and  White  Light.     E.  Carvallo 818 

Tliorium  Compounds,  Radio-active  Substance  from.     E.  Rutherford    631 

,,  Radiation.     R.  B.  Owens  65 

Tubes,  Radiographic  Vacuum.     A.  Buguet  and  V.  Chabaud 47s 

Rontgen,  Lichtenberg  Figures  mside.     E.  Riecke 859 

K.  Pabst's  Anti-Kathode  for.     F.  Kurlbaum    1425 

Phosphorescence  of.     S.  Lcduc 472 

Vacuum,  Electrolytic  Convection  in.     H.  Morris-Airey 1290 
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J.I.Thomson 1291 

L'narcf. 


Ultra-violet  Light,  Radio-activity  of.     P.  Lenard 1028 

Uranium  Radiation.     H.  Becquerel 1811 

„  Radium  and  Metallic  Emissions.    G.  le  Bon 2172 

„  Rays.     H.  Becquerel 2166 

Rectifiers. 

Rectiliers,     L.  Kallir    356 

Rotary  Converters,  sec  section  Transformers  and  Rotar\^  Converters. 
Transformers,  sec  section  Transformers  and  Rotary  Converters. 
Reflection. 

Chromium,  E.M.F.  and  Optical  Constants  of.     F.  J.  Micheli 2282 

Diffused  Reflection  of  Light.     H.  Wright  462 

„  „  from  Matt  Surfaces.     H.R.Wright 634 

„  „  Reciprocity  in.     I^yleigh  '. loii 

Electro- Deposited  Metals,  Reflecting  Power  of.     S.  Cowper-Coles ...     546 

Electromagnetic  Theory  of  Light.     A.  McAulay looi 

Fluorspar,  Remnant  Rays  of.     H.  Rubens 47 

Measurements,  sec  separate  section. 

Metallic  Reflection.     E.  Hagen  and  H.  Rulxns 463,  1003 

Total  Reflection.     W.  Voigt  464 

Transparency  and  Opacity.     Rayleigh    1990 

Waves.  Elastic,  Reflection  and  Refraction  of.     C.  (t.  Knott 33 

Refraction. 

/Ifmospiieric  Refraction.    A.  Gleichen   2iy6 

For  the  Explanatioti  ol  V\\\s  Xtv^l^*.  'iAi^i  v  ^^"Vl- 
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Refraction,  continued. 

Camphor  Derivatives.    A.  Hallcr  and  P.  T.  MuUer 618 

Clearing  and  Mounting  Media,  Refractive  Index,  and  Alcohol-Solvent 

Power  of.    C.  E.  M'Clung 2410 

Crystals,  Refraction  in.     L.  T.  More    1004 

„         Refractive  Indices  of.    C.  Viola  476 

Differential  Double  Refraction,  and  Achromatic  Polarisation.    D.  B. 

Brace  53 

Electromagnetic  Theory  of  Light.    A.  McAulay  looi 

Hexamethylene,  Chloro-  and   Dictiloro-Hexamethylene,  Refraction 

and  Magnetic  Rotation  of.    S.  Young  and  P^.'C.  Fortcy 21  Si 

Liquids,  Double  Refraction  in.     B.  V.  Hill 36 

„         Refractive  Index  of.    C.  Bender 35 

Measurements,  see  separate  section. 

Metals,  Optical  Constants  of.    }.  Kccnigsberger  1002 

„      Refractive  Indices  of.     E.  van  Aubel    619 

Mineral  Waters,  Refractometry  of .    E.  Riegler 2415 

Refraction  through  a  Prism.    A.  de  Gramont    /029 

Rotatory  Powers  of  Aromatic  Hydrocarbons  and  Refractive  Powers 

of  Mixtures.    W.  H.  Perkin  809 

Solutions,  Refractive  Indices  of.     III.    C.  Bender  1413 

Transparency  and  Opacity.     Rayleigh 1990 

Waves,  Elastic,  Reflection  and  Refraction  of.    C.  G.  Knott  .?.? 

Resonance  (Electric),  see  also  section  Oscillations  and  Waves. 

Hertz  Oscillator.     R.  Swyngedauw 1463 

„    Resonator,  Electric  Distribution  along.    A.  Turpain     2246 

„     Resonators.    A.  Turpain 1846 

Resonance  in  Transmission  Work.     D.  H.  Fry 2230 

Syntony,  Experiments  Illustrating.    P.  E.  Shaw  2454 

Solution  and  Solubility. 

Argon  and  Helium,  Solubilities  of,  in  Water.    T.  Estreicher 872 

Carbonic  Acid,  Solubility  of.    C.  Bohr iiii 

Chemical  Reactions  in  Solution.  Vapour  Pressure  of  the  Solvent.   A. 

Ponsot 1530 

Colloidal  Metals.    A.  Lottermoser    1519 

„        Solutions.     G.  Bredig  and  A.  Cochn 873 

G.  Bruni  and  N.  Pappada 2263 

K.  Stockl  and  L.  Vanino  2264 

of  Metals,  Nature  of.     R.  Zsigmondy    1698 

Gases,  Solubility  of,  in  Water.     W.  French  and  F.  Ash  worth  15^/ 

Gelation,  Meclianism  of,  in  Reversible  Colloidal  Systems.  W.  B.  Hardy  1528 

Heat  of  Dilution  of  Solutions.    O.  Tumlirz 534 

Hydrated  Mixed  Crystals,  Solubility  of.    W.  Stortcnbeker 2054 

Hydrates  in  Solution.    W.D.Bancroft  224 

Hydration  of  Dissolved  Substances.    C.  C.  Garrard,  H.  Lotmar,  W. 

Nernst  and  E.  Oppermann 1878 

Influence  of  Salts  on  Solubility.    V.Rothmund    1699 

Internal  Pressure  of  Aqueous  Suit  Solutions.    A.  Heydwjillcr 1526 

lonisation,  see  section  Dissociation. 

Mixture,  Critical  Temperature  of.     N.  J.  van  der  Lee 1444,  /90J 

Partially  Miscible  Aqueous  Inorganic  Solutions.   G.  S.  Newth  2462 

Reciprocal  Solubility  of  Liquids.    G.  Bruni  222 

Saturation-point  of  Solutions,  Electrical  Determination  of.     H.  M. 

Dawson  and  P.  Williams 240 

Saturation  Temperatures,  Determination  of.     H.  M.  Dawson  and  P. 

J  Williams 1134 

Solid  Solutions  and  Isomorphous  Mixtures.    G.  Bruni 539 

,  Solubility-coeflicients  of  Liquids.     A.  Aignan  and  E.  Dugas 223 

Solubility  of    a    Mixture    of    Salts    having    a   Common    Ion.    C. 

Touren 1527,  1706,  2281 

Solution,  Function  of  the  Medium.    J.  W.  Briihl -ri.^ 

For  the  Explanation  of  this  Index  s^ic  p.  i^Yl- 
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Solution  and  Solubility,  continued. 

Theory  of  Solutions.    G.  Jaumann   ^473 

„                 „          and  Freezing-point   Methods  in   Dilute  Solu- 
tions.   M.  Wildermann   IS40 

Thermokinetic  Properties  of  Solutions.     L.  Natanson 1043 

Sound. 

Caoutchouc  Fibres,  Longitudinal  Vibrations  of.    V.  von  Lang 92 

Density  of  Gases.     R.  Jahoda 1771 

Ear  Drum,  Function  of.    W.  Heinrich 1824 

Effects  of  Sound.     F.  Larroque 1052 

Electric  Transmission  of  Sound.     Dussaud    846 

Gallon's  Whistles,  Pitch  of.     M.  T.  Edelmann 1822 

Graphophonc  Grand.     P.  Mauro  2197 

Hearing,  Mechanism  of.     F.  Larroque 1053 

India- Rubber,  Transverse  Vibrations  of.  .  T.  J.  Baker 1826 

Kundt  Sound  Tube,  Flutings  in.     S.  R.  Cook 2198 

Measurement  of  Sound.    J.  Cauro    90 

Microphone,  Investigation  of.    J.  Cauro 140 

Organ-Pipes,  Production  of  Sound  in.    V.  Hensen 2196 

Perception  of  Pure  Notes.     W.  Heinrich    1823 

Photography  of  Sound  Waves.     R.  W.  Wood  89,  2014 

Pitch,  Notes  of  Highest.     R.  Koenig  88 

Problems  in  Acoustics.    C.  K.  Wead    iSig 

Propagation  of  Sound.    A.  W.  Duff 2195 

Reflection  of  Sound  at  a  Paraboloid.     H.  J.  Sharpc 845 

Sensitive  Flame  Tests  on  a  Telephone  Transmitter.     Rayleigh    847 

„        Flames,  and  Difference  Tones.     N.  Schmidt 1825 

Speech,  Movements  of  Expired  Air  during.     E.  Gelle 1054 

String,  Vibration  of,  under  a  Moving  Force.     M.  Radakovic 1827 

Telephone  Diaphragms,  Vibration  of.     J.  Cauro  91 

Tuning-forks.     A.  and  V.  Guillet  1S28 

Velocity  of  Sound.    A.  W.  Witkowski 1051 

Vowel  Sounds,  Analysis  of .    L.  Bcvier 1451 

„  „        Synthesis  of.     Maragc 1450 

Specific  Heat  and  Latent  Heat. 

Atomic  Heat,  Law  of.     S.  Meyer 1434 

Benzene,  Thermal  Data  for.     K.  Tsuruta   1035 

Bromine  and  Iodine,  Vapour-pressure,  Heat  of  Vaporisation    and 

Triple  Points  of.     K.  Tsuruta  2190 

Carbonic  Acid,  Heat  of  Sublimation  of.     U.  Behn   844 

Cobalt  and  Nickel,  Physical  Properties  of .     K.  van  Aubcl 2131 

7  for  Air.     J.  Rose-Innes     48^ 

y,  Determination  of,  by  Observations  on  the  Dew-point.     R.  Cozza...  2185 
Heat  of  Fusion  of  Naphthylamine  and  Diphenylamine.     J.  M.  Still- 

mann  and  R.  E.  Swain 70 

Latent  Heat  of  Vaporisation.     W.  Louguinine  1038 

Marble,  Thermal  Diffusivilie^  of.    B.  O.  Peirce  and  R.  W.  Willson...  2429 
Mercury  Vapour,  Saturated,  Tension  of.     L.  Cailletet,  Colardeau  and 

Riviere 1814 

Specific  Heat  of  Blood.     H.  Bordier  1664 

„  „     of  Ether  Vapour.     K.  Tsuruta 77 

„  „     of  Gases.    A.  Leduc    78 

,>  „  „         K.  Meyer 1437 

„  ,,     of  Metals,  Alloys,  and  Graphite.     U.  Behn   103A 

„  „     of  Non-electroiytic  Solutions.     W.  F.  Magie  76 

„  „     of  Wheat-Starch.     H.  Rodewald  and  A.  Kattein 1812 

„        Heats  and  Atomic  Weights  of  Metals.     W.  A.  Tilden,  with 

Appendix  by  J.  Perry  2i8j 

„         Heats  of  Fluids.     E.  H.  Amagat  1658 

of  some  Organic  Materials.     G.  Heury    1036 

„  ,,      of  Steam.     O.  Tumlirz 2010 

Vov  the  ExplatkaWoTv  ol  Vcvvs  Xw^ivt^.  svt^  v-  ^^M- 
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Spectra. 

Absolute  Wave-length,  Corrections  to.    E.  B.  Frost 457 

„       Wave-lengths,  Corrections  to.    L.  E.  Jewell 1794 

Absorption    Spectra   of    Ammonia,   Methylamine,   Hydroxylamine, 

Acetaldoxime,  and  Acetoxime.  W.  N.  Hartley  and  J.  J.  Dobbic  2163 
„  Spectra  of   Benzantialdoxime    and    Benzsynaldoxime. 

W.  N.  Hartley  and  J.  J.  Dobbie 2165 

Spectra  of  Carbon  Compounds.     L.  Puccianti  1646 

„  „       Demonstration  of.     E.  J.  Formanek 1652 

„  „       Didymium  and  Erbium.      Liveing    1420 

„  „       of    the    Ethyl    Dibenzoylsuccinates.      W.    N. 

Hartley  and  J.  J.  Dobbie 2164 

„  Spectra  of  Liquids  in  the  Infra-Red.     L.  Puccianti 1994 

Aluminium,  Band  Spectrum  of.    G.  A.  Hemsalech 1792 

Argon,  New  Spectrum  Lines  of.     R.  Nasini,  F.  Anderlini,  and  R. 

Salvadori 876' 

Black  Body,  Energy  in  Spectrum  of.    F.  Paschen 1266 

„  „      Radiation  of.     M.  Thiesen  1996 

Canal  and  Kathode  Rays,  Spectra  of .    A.  WuUner  1421 

Concave  Gratings,  Use  of.    G.  B.  Rizzo 824 

Corona,  Spectrum  of.    J.  N.  Lockyer 1405 

Cyanogen,  Spectrum  of.    W.N.Hartley    1252 

Echelon  Spectroscope,  Experimental  Work  with.     Blythswood  and 

E.  W.  Marchant    1019 

Impurities,  Influence  of,  upon  Gaseous  Spectra.     P.  Lewis    468,  1793 

Kinetics  of  a  Line  Spectrum.     E.  Riecke   825 

Krypton,  Spectra  of .    C.  Runge    5^ 

Luminous  Vibrations,  Decomposition  of.    C.  Fabry 816 

Mercury,  Spectra  of.    W.  B.  Huff    2418 

Michelson's  Spectrum  Work,  New  Interpretation  of.    E.  Carvallo  ...  14JO 

Mixtures,  Spectra  of.    C.  J.  Rollefson 2162 

Oscillating  Discharges,  Spectra  of.    B.  Hasselberg 1631 

„  „  „  G.  A.  Hemsalech    1428, 2159 

Radium,  Spectrum  of.     E.  Demargay 55,  2417 

„  „  C.  Runge 2160 

Rare  Earths,  New  Spectra  of.     E.  Denuirgay    2161 

Reference  Points  in  Spectra.    M.  Hamy    1023,  1253 

„  „  „  A.  Perot  and  C.  Fabry 126s 

Series  in  Spectra.     E.  A.  Partridge  125^ 

Silicon,  Spectrum  of.    F.  Exner  and  E.  Haschek 2416 

,,  „  J.  N.  Lockyer 1022 

Sodium,  Yellow  Lines  of.    C.  Fabry  and  A.  Perot  1021 

Solar  Spectrum,  see  also  section  Astronomy. 

„  Luminosity  Curve  of.     D.  W.  Murphy 1796 

Spark,  Ultra-Violct,  Spectra.     F*.  Exner  and  E.  Haschek   1993 

Stellar  Spectra,  see  also  section  Astronomy. 

„  „       Silicon  in.    J.  Lunt  998 

Spectral  Lines,  Curvature  of,  in  Spectroheliograph.     W.  S.  Adams...  1787 

Spectrometer,  Source  of  Light  for.    C.  Fabry  and  A.  Perot 1020 

Spectro-photometry,  Calibration  of  Slit  in.     E.  V.  Capps  811 

Titanium  for  Comparison  Spectra.    E.  B.  Frost    56 

L.E.Jewell 1705 

Ultra-violet  Absorption.    B.  Glatzel 1786 

„  „  of  Closed  Chain  Carbon  Compounds.  W.  N. 

Hartley  and  J.  J.  Dobbie 2461 

Ultra-violet  Spark  Spectra.     F.  Exner  and  E.  Haschek 2424 

Vanadium,  Arc  Spectrum  of.     B.  Hasselberg    823 

Wehnelt  Interrupter,  Spectroscopy  of .    E.  Hoppe 2036 

Zeeman  Effect,  see  separate  section. 
Static  Electricity,  see  also  section  Discharge. 

Atmospheric  Electricity.     M.  Brillouin ^"Vt^ 
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Static  Electricity,  see  also  section  Discharge,  continued. 

Atmospheric  Electricity.    J.  Elster  and  H.  Geitcl    2018 

„  „  G.  Schwalbe 852 

,,  ,,  Balloon  Measurements  in.    J.  Tuma 501 

„  „  Diurnal    Variation    of.      A.     B.    Chau- 

veau 1060,  1061 

during  a  Solar  Total  Eclipse.    R.  Ludwig...     500 

Potential  Gradient  in  Egypt.     F.  Exner 499 

Electric  Field,  Moving  Bodies  in.    A.  Heydweiller 102 

„       Figures.     P.  de  Heen oo 

„       Phenomena  in  the  Euphrates  Valley.     E.Huntington    2388 

Electrostatic  Potential,  Robin's  Method  of  Defining.     E.  Neumann  2015 

„  Rotations.     R.  Arno    loi 

„  „  L.  Graetz 1280 

Frictional  Electrification.    C.  Christiansen....... 98 

Gases,  Distribution  of,  in  an  Electric  Field.    G.  W.  Walker 1830 

Ice,  Electrification  by.     H.  Ebert  and  B.  A.  Hoffmann 2201 

Inductance  and  Electrostatic  Oscillations.     P.  de  Heen 2019 

Lichtenberg  Figures,  Powder  for.     K.  Biirker 1062 

Lightning  and  Atmospheric  Electricity.    A.  G.  McAdie    1836 

„         and  the  Clayden  Effect.     R.  W.  Wood  503 

Lightning- Flash,  Multiple.     A.  E.  Kennelly  504 

Lightning-Flashes,  Dark.    W.  J.  S.  Lockyer 502 

„  „        Multiple  and  Dark.     E.Thomson 505 

Lightning,  Globe.     M.  Toepler 2021 

„         Magnetisation  of  Brickwork  by.     P.  Gamba 868 

Potential  Gradient  in  Siberia.     H.  Benndorf 498 

Steam  Engines. 

Balancing  Marine  Engines.    J.  Macfarlane  Gray ^344 

Ball  Engine,  Self-oiling   556 

Bearings,  Causes  of  Heating  in.     R.  Job 1928 

Corliss  Engines,  American,  for  Electric  Traction.    C.  Day    igis 

Cylinder  Proportions  for  Engines.     B.  C.  Ball 2475 

Efiftcicncy  of  Engines,  Increasing  the.     E.  C.  de  Segundo 2077 

Electric  Lighting  Engines.     R.  D.  Summerficld 909 

Engines  for  Electric  Traction.     C.  A.  Hague    288 

Evolution  of  the  Stationary  Engine.     A.  R.  Robertson    572 

Farcot  Engine  at  the  Paris  Exhibition    2302 

Friction  of  Steam  Packings.     C.  H.  Benjamin 700 

„        Tests  of  a  Slide  Valve.     F.  C.  Wagner    699 

Fuel  Economy  of  Steam  Engines  for  Traction.     R.  C.  Carpenter    ...     290 

Governor,  Shaft S73 

Governors,  Engine,  Experiments  upon.     W.  G.  Hibbins    289 

„  Measure  of  Good  Quality  in.     R.  H.  Smith  1728 

„  Steam  Engine.     R.  H.  Smith    S74 

Heat  Cycle  for  the  Steam  Boiler  and  Engine.     L.  C.  Auldjo 7/5 

„     Engines  and  Steam  Turbines.    C.  A.  Parsons 57/ 

Influence  of  Electrical  upon  Steam  Engineering.     W.  Ripper 7// 

Ljungstrom's  Crankless  Engine 1545 

Multiple  Cylinder  Engines.     E.  Lefer 1544 

Packing  Ring  for  Piston  Valves 701 

Prager  Maschinenbau,  A.-G.,  Steam  Engine  by ^474 

Present  Position  of  the  Steam  Engine.     R.  H.  Thurston    1546 

Progress  of  Steam  Engine.     R.  H.  Thurston 90^ 

Receiver  Drop  in  Multiple  Expansion  Engines.     R.  L.  Weighton   ...     698 

Reheaters  in  Multiple-Cylinder  Engines.     R.  H.  Thurston    ^4/^ 

Stresses   in   Steam    Engines,   with    Special   Reference  to   Electric 

Traction  710 

Superheated  Steam.     P.  Schou 2303 

„  Water  Motor 2479 

Test  of  Railway  Generating  Plant.     E.  J.  WiUis  597 

For  the  ExplanatVoti  oi  \.\v\s  \yv^^y.  ^^  V.  \^'>ri» 
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Steam  Engines,  continued. 

Testing  Steam  Plant 720 

Tests,  Boiler  and  Engine,  Standard  Rules  for    2,soy 

„     of  Machinery  on  Board  Ship,    B.  C.  Bryan  and  W.  W.  White    559 

„     Modern  Steam  Engine,  1888^1899 S70 

„     of  Steam  Alternators  at  Zurich.     H.  Wagner 1189 

„     of  the  Machinery  of  Warships.    A.  J.  Durston  and  H.  J.  Oram     293 

„     of  Two  Pumping  Engines    721 

Turbine,  Parsons  Steam ISS-^ 

Turbines,  Steam,  and  High-Speed  Navigation.    C.  A.  Parsons 1135 

„         and  Superheated  Steam.     K.  H.  Thurston  2076 

Valve,  Balanced  Piston.     W.  O'Brien 1136 

„      Motions  of  Engines.     J.Perry 9^^ 

Surface  Tension. 

Aqueous  Solutions  of  Potassium  Chloride  and  Sulphate,  Conduc- 
tivity, Specific  Gravity  and  Surface  Tension  of.    J.  Barnes   ...    988 

Capillarity.    G.  Bakker   1627 

Rayleigh 13 

„  Dynamical  Theory  of.    G.  Bakker   3^ 

Electrification  and  Surface  Tension.     E.  Merritt  and  S.  J.  Barnett...  1241 
Homologous  Series  and  Super-cooled  Liquids,  Surface-Tensions  of. 

J.  Hock    2385 

Liquid  Air,  Surface  Tension  and  Viscosity  of.    C.  Forsch 1775 

Magnetic  Field,  Behaviour  of  Fluids  in.    G.  Jager  2234 

Mercuric  Oxide,  Isomerism  of  Red  and  Yellow  Varieties,  and  Surface- 
tension  of  Solids.     W.  Ostwald 2265 

Organic  Liquids,  Superficial  Tension  in.   P.  Dutoit  and  L.  Friederich    989 

Soap  Emulsions.     F.  G.  Donnan  613 

Superficial  Tension.     P.  Dutoit  and  L.  Friederich  1776 

Telegraphy  (excluding  Wireless  Telegraphy). 

Cable  Signals.     A.  C.  Crehore  and  G.  O.  Squier    1969 

Cables,  see  Cables,  Conductors  and  Wiring. 

Condensers,  Compensating,  in  Telegraph  Circuits.     M.  G.  Simpson    435 

Duplex  Telegraphy  in  Belgium.     Buels 1225 

Earth  Plates,  Resistance  of .     R.  Nowotny 436 

Electrical  Waves  in  Telegraphy.     A.  Turpain  1966 

Fault-Testing  in  Cables.    J.  Garraud  863 

High-speed  Telegraphy.     Munier 2376 

Kamm's  Zerograph    609 

Measurements,  see  separate  section. 

Military  Telegraphs.     P.  Giron 1968 

Multiple  Telegraphs,  Munier's.     Munier 2121 

Multiplex  Telegraphy  by  the  Telemicrophonic  Relay.    E.  Mercadier  1388 

Phosphor  Bronze  Wires,  Snow  on.     E.  Pierard    1389 

Pollak-Virag  Machine  Telegraph 433 

Silicium  Bronze  and  Aluminium  Alloy  for  Wires.     Massin    917 

Simultaneous  Telegraph  and  Telephone.     T.  D.  Lockwood 9S2 

„  Telegraphy  and  Telephony.     F.  Walloch 1970 

„  „        "  „       '       H.  S.  Webb    434 

Steamer,  Telegraph,  Von  Podhiehki.    Jamieson     161 8 

Submarine  Cable-hooks  1975 

„  Cable  Signals.    A.  Jamieson 1224 

Type-printing  Instruments.     Raps    1620 

Typewriting  Telegraph,  Steljes 1967 

Underground  Telephone  and  Telegraph  Work 1391 

Wheatstone's  Automatic  Telegraph,  Improvements  in    1387 

Telegraphy  (Wireless). 

Balloons,  Wireless    Telegraphy  with.      J.  Vallot    and  J.  and    L. 

Lecarme 1764 

Coherer,  Magnetised.     C.  Tissot  1617 

*•  ,,       Wireless  Telegraphy  without  a    ^1 

For  the  Explanation  of  this  \udex.  ^ii  p.  ^^"^H- 
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Abstract  Xuet. 

Thermo-Electricity  and  Thermo-Magnetism. 

Bismuth  and  its  Alloys,  Magnetism  and  Thermoelectric  Properties 

of.    G.  Spadavecchia 197 

Conducttvity  and  Thermoelectric  Power  of  Metals.     W.  Jaeger  and 

H.  Diesselhorst 137 

Electrothermal  Relations.    F.  Kohlrausch 136,5^7 

Peltier  Effect  in  a  Magnetic  Field.    A.  Pochettino 139 

Problem  in  the  Theory  of  Heat,  proposed  by  F.  Kohlrausch.    W. 

Voigt    2194 

Steels,  Thermoelectric  Power  of.    G.  Belloc 2217 

Strain,  Effect  of,  on  Thermoelectric  Qualities.    M.  Maclean 1853 

Thermo-electric  Currents.     H.  Egg-Sieberg 2215 

Measurements.    P.  Straneo 663 

Phenomena.    W.  F.  Barrett 1467 

Properties  of  Alloys.    E.  Steinmann    1081 

Theory.    W.  Voigt   138,  2439 

Thermo-electricity.    L.  Holborn  and  A.  Day    52^ 

„  C.  Liebenow  1852 

„  of  Oxides  and  Sulphides.    A.  Abt 1680 

„  and  Thermo-conduction.    O.  Wiedeberg 1452 

Thermo-magnetic  Action.    W.  Voigt 2017 

Currents.    G.  Moreau 1299 

Phenomenon.    G.  Moreau    ^454 

Transverse  Effect  in  Bismuth.     K.  Yamaguchi   ...     511 

Thermodynamics  of  Cells.    C.  Liebenow  i...  2016 

Twist,  Effect  of,  on  the  Thermoelectric  Qualities  of   Iron,        K. 

Tsuruta    2216 

Thermodynamics,  sec  also  section  Gases. 

Corresponding  States.     D.  Berthclot  2191 

„  „  K.  Meyer 1049 

Energy  Theory.    J.  E.Trevor  68 

Entropy-Temperature  Diagram  of  a  (las  Engine.     H.  T.  Eddy  yi6 

Entropy  and  Temperature  of  Radiant  Heat.     M.Planck    1446 

„         Theory.    J.  E.  Trevor 2435 

Gas  Engines,  Otto.     L.  Marchis  and  A.  Witz 1275 

Gibbs'  Thermodynamic  Model.    W.  P.  Boynton 1662 

„       Two  Theorems  of.     P.  Saurel  1819 

Heat  Cycle  for  the  Steam  Boiler  and  Engine.     L.  C.  Auldjo    yij 

Heat   Movements,   on   the   Size  at  which  th.ey  are  Manifested  in 

Matter.    G.  F.  FitzGerald 1449 

Irreversible  Processes.    S.  H.  Burbury  1400 

„  „  M.  Planck ^97 

ioule  and  Kelvin  Effect.     D.  Berthelot   1063 
liquefaction  of  Gaseous  Mi.xtures.     F.  Caubet 2004 

Molecular  Volumes.    C.  M.  Guldberg 1047 

Permanent  Changes  and  Thermodynamics.     P.  Duhem 1821 

Physico-chemical  Reaction,  Driving  Energy  of .    T.W.Richards  ...  1880 

Theorems  of  Robin  and  Moutier.     P.  Saurel 69 

Thermal  Coefficients.    J.  E.  Trevor 71 

and  Dynamic  Coefficients.     J.  E.  Trevor    635 

Thermodynamic  Relations  of  Hot  Water  and  Soft  (ilass.     C  H;irus  J.7>^ 

Tiiciniodynamics.     G.  Jager [fSy 

„  M.  Planck  1050 

„  K.  Wesendonck 72 

„  of  Cells.    C.  Liebenow 2016 

Vapour-pressure,  Heat  of  Vaporisation  and  Triple  Points  of  Bromine 

and  Iodine.     K.  Tsuruta 2190 

Virial  Theorem,  Theorem  Analogous  to.     Rayleigh 2433 

^t-diagram,  Construction  of,  from  an  Indicator  Card.    H.  T.  Eddy...  2oSi 
Traction,  Electric  (Accumulator). 

AcciimuJator  Traction.    ].  Zacharias   40a 

For  the  Explanation  oi  V\vvs  V\\e^*i^  sx^^t  y-  ^'^'Kl- 
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Traction,  Electric  (Accumulator),  continued. 

Accumulator  Trials.    A.  Bainville 403,  952,  953,  1349,  1962 

„  „  E.  Hospitaller  954 

Accumulators  for  Electric  Vehicles,  Weight  of.    J.  Rosset    404 

for  Electromobiles.    E.  C.  Rimington 426,  i6oy 

for  Traction.    J.  Reyval ii6g 

on  Vehicles,  Recuperation  of.    P.  Bunct 774 

Automobile,  Electric. « 951 

Automobiles,  American.    F.  B.  Rac  and  others 1220 

American  Types  of /6/j 

Boston  Electric 2522 

Electric.    A.  Delaselle 1601 

E.  A.  Sperry   q^q 

„         in  Chicago 1600 

Columbia   1199 

German  948,  1221 

Motors  for.     P.  M.  Heldt  1599 

on  Hire.    S.C.Crane ^85 

for  Transport.     Bricka    1208 

Cabs,  Electrical,  in  New  York.    G.  Pellissier 1207 

Control  of  Electric  Vehicles.    E.  H.  Cozens-Hardy 427 

Fire  Engine,  Electric,  Paris.    J.  Reyval 921 

Krieger  Electric  Car.    J.  Rejrval 769 

Louvres  and  Vincennes  Tramway.    A.  Monmerque 385 

Omnibus,  Siemens  and  Halske  Electric.    Siebert 405 

Racing  Automobile  by  the  Columbia  Co.     J.  B.  Entz  and  H.  P. 

Maxim * 768 

Waggon,  Electric.    M.  Schiemann  406 

Working  Costs  of  Automobile  Delivery  \Vaggons.     G.  F.  Sever 1^81 

„        Expenses  of  Horse  and  Electric  Delivery  Vans.  G.  F.  Sever 

and  R.  A.  Fliess 950 

Traction,  Electric  (excluding  Accumulator  Traction  and  Descriptions  of 
Power  Stations). 

Accumulators,  Stationary,  for  Traction  Work.    G.  Brandt 391 

America,  Electric  Railway  Practice  in 602 

American  Tramway  Practice.    A.  E.  le  Rossignol    2512 

Austria- Hungary,  Electric  Railway  Practice  in.    E.  A.  Ziffer  28g 

Brakes,  Electromagnetic.    M.  Schiemann 399 

BufiFer  Batteries  for  Electric  Traction.     L.  Gebhard   390 

K.  Sieg..... 1378 

Canal  Haulage,  Electric 2114 

Car  Equipment,  Care  of.    J.  H.  V;  Veer ^jj 

Car  Mileage.     H.  C.  Mackay ./jo 

Car,  New '. 782 

Cars,  American 1^83 

Coal  Consumption  in  Steam  Power  Plants.    A.  della  Riccia 1594 

„    Distribution  of  the  Energy  of,  in  Electric  Traction.  A.  B.  Herrick    97./ 
Combined  Single  Phase  and  Continuous  Current  System  of  Electric 

Railways.    F.  Eichberg 393 

^  »  Conduit  Construction  in  Paris.    A.  N.  Con  net 766 

^;  „       System,  Electric,  New  York   941 

jjfj^  „       and  Three- Wire  Trolley  System    607 

-'i*  „       for  Tramways.    C.  Devenyns 1956 

**«^  Dr5'ing  Traction  Motors 12H) 

Economy  in  Electric  Traction.    M.  Bricard 392 

Electric  Railways 2352 

A.  H.  Binyon 2^62 

Data.     H.  J.  Ryan    .^24 

Problems.    J.  Fekl 394 

„      under  Steam  Railway  Conditions.  E.  C.  Boynton  1 595,  25 1 1 
Electrolysis  by  P2arth  Returns.     L.  I.  Blake '. ',....    Ti\ 
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Paris  Exhibition,  1569, 1570, 
1738, 1934,  2100, 2302,2316, 
2318,  2370,  2371,  2474 

Paris   (Louvre  -  Vincennes), 

385 
Paris,  Metropolitan  Railway, 

2505 
Paris,  Orleans  Railway,  2507 

Paternion,  2470 

Pekin,  U.S.A.,  1216 

Peoria,  12 16 

Perth  (W.  A.),  378,  1589 

Philadelphia,  438, 1214 

Port  Huron,  1196 

Port  Jefferson  Rly.,  376 

Prague,  1948 

Preston  Carriage  Works,  428 

Providence,  1584^ 

Quebec,  381 

Ramsey,  764 

Rathausen,  937 

Rathmines,  2502 

Reichenberger,  384 

Riverview,  1584 


Rochester,  U.S.A.,  1591 
Romeo,  1591 
Rouen,  1376 
St.  Agathe,  2335 
St.  Helens,  2330 
St.  Louis  River,  1751 
St.  Louis,  U.S.A.,  1227 
St.  Maurice,  1369 
St.  Paul,  2508 
San  Felice,  1377 
San  Francisco,  2497 
San  Marcel,  277 
Santa  Rosalia,  372 
Schaffhausen,  1370 
Scranton,  773 
Scugog  River,  2342 
Sheffield,  600 
Shoreditch,  1726 
Sihl,  937 

Southampton,  1585 
Southport,  2334 
Spies,  765 
Springfield,  1592 
Stansstad,  27/9 


Stockport,  2503 
Sunderland,  2504 
Swansea,  2332 
Telluride,  969 
Thun,  765,  2j60,  2510 
Toledo,  U.S.A.,  1374 
Tonawanda,  .389,  15S3 
Urbana,  1592 
Varise,  1377 
Vohwinkel,  1593 
Wandsworth,  11 88,  1741 
Warsaw,  7S0 
Waterloo  and  City  Hly.,  171 

1761,  2519 
Waterport,  379 
Willcsden,  1371 
Wimercux,  16 16 
Windsor,  762 
Xenia,  1592 
York,  1580 
Ypsilanti,  1194 
Zurich,  161 2 
Zwischcnork,  386 
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Ab«tract  Nos. 

action.  Electric  (excluding  Accumulator  Traction  and  Descriptions  of 
Power  Stations),  continued. 

Third  Rails,  Insulators  for 1384 

Track  Construction  in  German  Cities.     H.  Geron    ygo 

„  „  Used  in  Scran  ton,  Pa 773 

Tracks,  Steel  Railway,  Construction  of.     £.  Butts   432 

Traction  Data.    W.  B.  Potter   603 

Train  Service  and  its  Practical  Application.     I.  A.  McCormack ^29 

Trucks,  Street  Railway.    W.  H.  Hculings,  Jun 608 

Welding,  Electric,  as  Used  on  the  Russian  Railways 7^0 

Working  Expenses  of  Electric  and  Cable  Railways 1597 

action.  Mechanical. 

Edinburgh  Cable  Tramways 1^66 

Working  Expenses  of  Electric  and  Cable  Railways 1597 

anslbraiers  and  Rotary  Converters. 

Controlling  Frequency  of  Inverted  Rotaries 1575 

Dissymmetrical  Currents  in  the  Secondary  of  a  Transformer,  with  a 

Wehnelt  Interrupter  in  the  Primary.    O.  M.  Corbino 1106 

Double- Wound  Armatures.    A.  D.Adams r^ST? 

Motor  Transformer  for  Charging  Small  Accumulators.    A.  Soulier...     353 
Rectifiers,  see  section  Rectifiers. 

Rotary  Converter.     K.  Pichelmayer.... 355 

„  „  E.  Wilson 1748 

„  „  Excitation  of  a  Two-phase.     E.  Wilson 1941 

„      Converters.    J.  Herrmann    1180 

„  „  H.  S.  Meyer 1576 

A.  Mocns  ig44 

E.  Wilson 752 

Design  of.    H.  F.  Parshall  and  H.  M.  Hobart  361,  136$ 

Study  of .    E.  deMarchena 753 

Synchroniser  for.     F.  W.  Springer  1936 

Starting  Device  for  Phase  Transformer  354 

Transformer,  Differential  Method  for  Testing  a.    S.  E.  Johannesen     160 

Economy.     F.  H.  Leonard,  Jr 352 

and  Lamp  Construction  in  America.     H.  E.  P.  Cottrell    417 

Transformers,  Design  for.    C.  P.  Poole 2104 

Drop  in.    A.  E.  Kennelly    350 

Eddy  Current  Losses  in.     F.  Townscnd 1940 

Hysteresis  Loss  in.     W.  Peukert  204 

Inductive  E.M.F.  in.    J.  B.  Whitehead,  Jr 1749 

Magnetic  Leakage  in.    A.  Russell 351 

Maximum  Efficiency  of.     F.  G.  Baum 2103 

at  Niagara   1363 

Tramway  Substations,  Converters  for.     A.  C.  Eborall 2102 

pour  Pressure. 

Benzene,  Thermal  Data  for.     K.  Tsuruta  1035 

Bromine  and  Iodine,  Vapour- Pressure,  Heat  of  Valorisation  and 

Triple  Points  of.     K.  Tsuruta  2190 

Camphor  Vapour,  Maximum  Pressure  of.     R.  W.  Allen 2188 

Hydrocarbons,  Vapour-pressures  of.     B.  Woringer 2274 

Liquid  Mixtures  with  Minimum  Boiling-points.    J.  H.  Pettit   246 

Mercury,  Vapour  Pressure  of.     W.  Miiller-Erzbach    2425 

Naphthalene  Vapour,  Maximum  Pressure  of.     R.  W.  Allen  2189 

Partially  Miscible  Liquids.     R.  A.  Lehfeldt   81 

I     Vapour  Pressure  Relations  in  Mixtures  of  Two  Liquids.  A.  E.  Taylor  2063 

Vapour  Pressures.     R.  Gahl 1447 

Volume  and  Pressure  of  Saturated  Vapour.     H.  Moulin 1813 

ts  and  Cells,  Electrolytic. 

Feeding  Apparatus  for  Electrolytic  Cells.     R.  Girouard 2291 

Mercury  Vats    for   Electrolytic  Alkalies  and  Chlorine.     J.   B.   C. 

Kershaw ^"^"^ 

Fov  the  Explanation  of  this  Index  se^  \>.  ^o-yi. 
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